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ABSTRACT
This study explored the impact of assistive technology (AT) devices and
services on 165 students (134 male, 31 female) with learning disabilities who
had needs in the academic area of writing. Outcomes data collected through the
Assistive Technology Infusion Project (ATIP) were analyzed to explore
demographics of students in this population, relationships between various
factors on writing goals, and differences in contributions of various interventions
prior to and after attainment of the AT devices. Two classifications of AT devices
were developed for use in this study. The first was used to determine the most
common AT devices used (word prediction software, 63; laptop computers, 52;
portable word processors, 41; proofreading and editing software, 39; speech
synthesis/screen review software, 35; and hand held spell check/grammar check
devices, 32). The second taxonomy was used for comparison of variables. The
most common AT services provided to students were training for students,
followed by training for educational personnel, device programming and set-up,
and classroom implementation support. Significant changes were noted in
student ability (p< .001) and change in rate of progress (p< .001) following
attainment of AT. In addition, significant positive relationships were observed
between change in ability and number of AT services provided (p< .01), change
in ability and change in rate of progress (p< .001), and number of AT services
ix

and change in rate of progress (p= .01). Finally, significant changes were also
found in nine of the ten contributions of parallel interventions, with contribution
of previous AT devices and services increasing the most following
implementation of the new AT devices received.
This study demonstrated efficacy for use of interventions incorporating AT
devices and services in school settings for students with LD and needs in writing.
Word processors and word processors in combination with writing software were
the most helpful in improving abilities of these students. Support for AT services
used in combination with AT devices was also provided in this study.
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CHAPTER 1
INTRODUCTION
In 2001, the state of Ohio Department of Education was granted 36
million dollars from the United States Department of Education School
Renovation, the Individuals with Disabilities Education Act (IDEA), and
Technology Grants. Of this funding, 9.4 million dollars was provided to assist
school districts to grant assistive technology (AT) devices to students with
disabilities. The Ohio Department of Education, Office for Exceptional Children
(ODE-OEC) created a partnership with the Ohio SchoolNet Commission (OSNC)
and the Ohio Resource Center for Low Incidence and Severely Handicapped
(ORCLISH) to disseminate AT to students with disabilities in schools throughout
OHIO. This project, The Ohio Assistive Technology Infusion Project (ATIP) was
developed to 1) provide funding for students in the state to receive AT devices
and services based on need and according to an Individualized Education Plan
(IEP); 2) improve district AT service delivery; and 3) study the impact of AT on
student participation and progress in general education (Fennema-Jansen,
2004).
As part of the ATIP, application and outcome measurement tools were
developed to measure outcomes of the AT provided to the students who needed
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it in the state of Ohio. This chapter introduces the reader to assistive technology
devices and services and provides background and need for exploration of data
that was gathered through the ATIP outcomes measurement tools. Research
questions are presented and significance of this study as well as rationale for this
study are provided.
Assistive technology (AT) is defined in the Assistive Technology Act (AT
Act) of 1998 (Public Law 105-394) as "technology designed to be utilized in an
assistive technology device or assistive technology service" (Sec.3. 29 USC 3002,
Definition 2). An assistive technology device is "any item, piece of equipment, or
product system, whether acquired commercially, modified, or customized, that is
used to increase, maintain, or improve functional capabilities of individuals with
disabilities" (Sec. 3. 29 3002, Definition 3). AT devices are objects, such as
reachers, wheelchairs, pencil grips, magnifiers, computer screen readers, or any
other item that is used to assist the individual in participating in daily life
activities. Additionally, an assistive technology service is defined as "any service
that directly assists an individual with a disability in the selection, acquisition, or
use of an assistive technology device" (Sec. 3. 29 3002, Definition 4). AT services
are the human factors such as decision making, purchase requests and training
that are required for use of the AT devices.
Assistive technology devices or product systems range from low-tech
devices such as pencil grips, slant boards, walkers, or magnifiers, to high-tech
devices such as electric wheelchairs, speech synthesized communication devices,
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computers and related adaptations, and electronic aids to daily living that control
the environment. AT services include evaluation; selection, purchasing, designing
or adapting; coordination of services; and technical assistance and training for
anyone involved with providing services using the AT devices.
Assistive technology is used to increase an individual's ability to complete
functional activities such as self care, care of others, education,
work/productivity, play, leisure, and/or social participation. In the educational
setting, assistive technology devices and services are an integral part of special
education or "specially-designed instruction" (PL 105-17), Specially-designed
instruction is defined as:
... adapting, as appropriate to the needs of an eligible child under this
part, the content, methodology, or delivery of instruction to address the
unique needs of the child that result from the child's disability; and to
ensure access of the child to the general curriculum, so that he or she can
meet the educational standards within the jurisdiction of the public agency
that apply to all children (PL 105-17, Section 300.26.b.3.i & ii).
Since the early to mid 1970s there has been an increased emphasis on
assistive technology devices and services and the manner in which they have
impacted the lives of persons with disabilities. Various Acts and Federal Policy
Amendments that exemplify this emphasis are the Rehabilitation Act (1973) and
amendments; the Education of the Handicapped Act (1975), with
reauthorizations in 1986, 1990, 1997, and 2004; Americans with Disabilities Act
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(1990); and the Technology-Related Assistance for Individuals with Disabilities
Act (1998).
Additional legislation that affects education and services is the No Child
Left Behind Act (PL 107-110) passed in 2002. Two of the main mandates of this
act are that states are accountable to demonstrate that students are making
adequate progress in their education and that methods used in education are
proven to be effective (H.R. 1. No Child Left Behind Act.) The passage of this act
set the stage for continued need for evidence of effective practices.
With the passage of legislation that recognizes the need for provision of
AT devices and services for people who need them, and with the push for
accountability and evidence for using methods that are proven to be effective in
various arenas, a thrust for measuring the outcomes of assistive technology
devices and services has arisen. The National Institute on Disability and
Rehabilitation Research (NIDRR) has determined the need for research related to
AT devices and services outcomes as well and has financially supported the
development of outcomes research through the Assistive Technology Outcomes
Measurement System (ATOMS) project. The importance of measuring AT
outcomes has been stressed by several authors (DeRuyter, 1995, 1997; Gray,
2002; Hammel, 1996; Minkel, 1996; Smith, 2000). It is necessary to measure
outcomes so that devices and services can be strengthened and improved and
revisions and improvements in measures can be made.
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When the state of Ohio received funding to provide needed AT to
students with disabilities in the schools, no assessment tool existed to meet the
needs of the grant. The Assistive Technology Outcomes Measurement System
(ATOMS) project was contracted to develop an application and assessment tool
to be used to determine which requests would be funded, as well as measure
outcomes of the AT provided. Since the tools developed for the Assistive
Technology Infusion Project (ATIP) were developed for the ATIP project,
additional work is needed to ensure that these measures are reliable and can be
used for future studies.
The application and assessments developed by the ATOMS project
identified many disability areas and areas of critical need. Primary disability was
reported on the application and assessment using one of 13 primary disability
areas identified by IDEA and reported on the student's Individualized Education
Plan (IEP). Specific learning disability (SLD) or learning disability (LD) was one of
the 13 primary disability areas. A learning disability is "a neurological disorder
that affects the brain's ability to receive, process, store, and respond to
information" (National Center for Learning Disabilities, 2001, H 2). Critical need
areas affected by the primary disability were then chosen from six primary areas
with up to five subcategories listed for each. Writing was one of the
subcategories listed under the academic content need area. Since students with
learning disabilities typically have primary needs in academic content, many of
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the students with learning disabilities in this study were likely to have a need in
the area of writing.
It is a difficult process to categorize AT devices for outcome studies, such
as is needed in this study of students with LD and a need in writing. Some
classification systems are available to categorize AT devices, but many devices fit
into more than one category since AT devices are often variable and multi
modal. Some classification systems currently used categorize devices by 1)
product name, product type, disability type, or by vendor (The Guide to Abledata
Indexing Terms, 2005); 2) domain or context, such as school, work, home, and
community (Ehrlich & Carlson, 2002); 3) purpose of device, such as mobility,
hearing and vision, communication, home adaptation, and environmental control
(Wehmeyer, 1998); 4) product function and features, such as communication,
mobility, protability, and speech output (The Guide to Abledata Indexing Terms,
2005); or 5) devices used in the writing process (Raskind, 2000). Although the
predetermined categories are helpful, they are not mutually exclusive; many
devices are multipurpose. Applicants in the ATIP identified needed AT devices as
an open-ended response. Therefore, the classification of the devices to
determine which were most commonly used was problematic. A taxonomy of
device categorization appropriate for this study is currently unavailable.
Statement of Problem
With the most recent reauthorization of the Individuals with Disabilities
Education Improvement Act (IDEA) P.L. 108-446 and No Child Left Behind (PL
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107-110), which state that interventions utilized in the schools must be researchbased, greater emphasis has been placed on providing that research. Few
studies have explored the effectiveness of various types of devices and services,
and this author found no studies that investigated the relationships between
assistive technology devices/services with various factors such as natural
development, compensations for impairment, adaptations of specific curricular
tasks, redesign of instructional environment, performance expectation changes,
participation in general education instruction, related and support services, and
personal assistance. Roberts and Stodden (2005) stated that it is "imperative
that we begin to understand the impact of new technologies and their
effectiveness as compensatory strategies in academic and workforce arenas for
persons with disabilities" (p. 49). Forgrave (2002) calls for additional research to
study the effects of assistive technology in today's classrooms. She stressed that
studies should include student characteristics and AT devices and services
implemented to provide empirical support for use of technologies in schools.
In collaboration with the ATOMS project and the ATIP, four tools were
developed to measure outcomes of this project. These included the ATIP
Application, the Assistive Technology District Profile, the Student Performance
Profile-Pre (SPP-Pre), and the Student Performance Profile Post (SPP-Post). The
Ohio ATIP was then able to have a tool to track demographic information, as well
as student needs, expectations, progress on goals, access and progress in
general education, and impact of various adaptations and services.
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These tools were used to request AT devices for students in the state of
Ohio. As of August 24, 2004, 3,479 requests out of 4,979 applications, or
approximately 70% of applicants, were approved. Of these, approximately 1,766
(or approximately 50%) completed all aspects of the application and outcome
measures (Fennema-Jansen, 2004). Of these, approximately 406 applicants
identified specific learning disability as the primary disability area (FennemaJansen, 2005). Need areas per disability were not identified.
Currently, the entire data set has been analyzed regarding 1) numbers of
applicants per disability area, 2) the extent to which the AT met the expectations
of the person completing the SPP-Pre and SPP-Post, 3) the relationship between
how well the expectations were met and change in ability on IEP goals, 4)
whether any change in student access and progress in general education based
on AT varied per disability or area of need, and 5) whether any change in
student progress based on AT varied by disability, area of need, and the amount
of time that AT was used. In the ATIP outcome measurement tools, a wealth of
additional information was gathered, but has not yet been analyzed. No analyses
have been completed identifying certain categories of disability or disaggregating
data to measure outcomes for specific groups. A consistent taxonomy for
classification of devices requested has not been established. The tools used for
the ATIP have met the needs of the project, but additional work related to
specific groups and to establish reliability and validity of the tools were needed to
allow these tools to be used in future projects or outcome studies.
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Statement of Purpose
The purpose of this study was to expand on the information previously
provided from the ATIP. Data had been collected but not yet analyzed regarding
the students with specific disabilities who received AT devices through the ATIP.
This study explored data pertaining to individuals with learning disabilities who
used assistive technology for writing. The data for students in this category were
disaggregated, then described as to total numbers of persons with this disability
and need, percentage of students in this category compared to all awards,
gender of those awarded AT, and grade levels of persons who received the
awards. A taxonomy for classification of devices was established, then the most
common AT devices and services for this group of students were also
documented. Relationships were analyzed to investigate the content validity of
the assessment tools. Finally, differences between pre- and post-test measures
of contributions of various interventions were analyzed.
Research Questions
The research questions used in this study were as follows:
I.

What were the demographics of students with learning disabilities who
used assistive technology for writing?
A. Who were the students who used AT for promotion of writing skills?
i. Number in Ohio ATIP
ii. Percentage of total applications funded
iii.

Percentage of students with LD and a need in writing
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iv.

Male/female

v. Grade level at completion of SPP-Pre
B. What were the most common types of AT devices used by students
with learning disabilities with a need in Academic Content: Writing?
i. What taxonomy was used to classify AT devices used by
students with LD in the schools?
ii. What were the frequencies of the AT devices used based on the
chosen taxonomy?
C. What were the most common AT services provided to students with
learning disabilities with a need in Academic Content: Writing?
II.

What were the relationships between various factors on writing goals from
SPP-Pre to SPP-Post?
A. Was there a change in student ability on writing goals from SPP-Pre to
SPP-Post?
B. Was there a change in rate of progress on writing goals from SPP-Pre
to SPP-Post?
C. Was there a difference in change in student ability by AT device used?
D. Was there a difference in change in rate of progress by AT device
used?
E. Was there a significant relationship between change in student ability
and number of AT services received?
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F. Was there a significant relationship between change in student ability
and change in rate of progress?
G. Was there a significant relationship between number of AT services
used and change in rate of progress?
III.

Were there differences in contributions of interventions (listed below)
between the Student Performance Profile-Pre (SPP-Pre) and the Student
Performance Profile-Post (SPP-Post)?
A. Were there significant changes between SPP-Pre and SPP-Post on
contributions of various interventions?
i. Natural Development
ii. Compensation for impairment
iii. Adaptations of specific curricular tasks
iv.

Redesign of instructional environment

v.

Performance expectation changed

vi.

Participation in general education instruction

vii.

Related and support services

viii.

Personal assistance

ix. AT devices used
x. AT services provided
B. Were there significant differences in change of contribution of any
interventions following implementation of AT?

11

Operational Definitions
Several terms are used throughout this study. Definitions of these are
provided below.
Assistive Technology: technology designed to be utilized in an assistive
technology device or assistive technology service (Assistive
Technology Act, 1998)
Assistive Technology Device: any item, piece of equipment or product
system whether acquired commercially, modified, or customized,
that is used to increase, maintain, or improve functional capabilities
of individuals with disabilities. (Assistive Technology Act, 1998)
Assistive Technology Service: any service that directly assists an individual
with a disability in the selection, acquisition, or use of an assistive
technology device. (Assistive Technology Act, 1998)
Convergent Validity: one aspect of construct validity; scores recording
similar items or constructs demonstrate strong positive
relationships (Creswell, 2005)
Criterion-related validity: scores from an instrument predict some outcome
(or criterion) they are expected to predict" (Creswell, 2005; DePoy
& Gitlin, 2005))
Specific Learning Disability (SLD): "a disorder in one or more of the basic
psychological processes involved in understanding or in using
language, spoken or written, that may manifest itself in an
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imperfect ability to listen, think, speak, read, write, spell, or to do
mathematical calculations, including conditions such as perceptual
disabilities, brain injury, minimal brain dysfunction, dyslexia, and
developmental aphasia" (IDEA, 1997, 300.7fc)(T0))
Assumptions
It was assumed that all questions on the student performance profile pre
and post were answered accurately. It was also assumed that students who
attained AT through the ATIP needed that device(s) and used the AT when
received.
Delimitations
This study focused on data obtained through the Ohio ATIP and ATOMS.
The study included data analyses of information from the ATIP application, SPPPre, SPP-Post, and district profiles completed by August, 2004.
Significance/Rationale for the Study
Assistive technology (AT) is a component of many laws and policies in the
United States. It is included as a mandatory consideration for all children with an
Individualized Education Plan (IEP) according to the Individuals with Disabilities
Education Act (IDEA) most currently reauthorized in December 2004. This law,
along with No Child Left Behind policies, mandates that interventions used in
schools be supported by evidence. Some data have been collected and analyzed
to determine the efficacy of AT use in the schools, but further analyses need to
be completed. A wealth of data was collected through the ATOMS project and
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the ATIP. Additional analyses of these existing data allowed exploration of the
efficacy of using AT by students with learning disabilities in schools. This study
provided a taxonomy to classify AT devices used for writing and for determining
frequencies of devices requested. The study also provided evidence of the types
of services used by students with LD and an academic need in the area of writing
and the amount of change that was noted when students used the AT devices or
services. It also explored the relationships between AT devices, A T services,
change in rate of progress and change in student performance/ability before and
after the AT was implemented. This study also examined the differences
between the effects of various parallel interventions prior to and after
implementation of the AT.
The results of these analyses may be used to direct and improve the types
of services provided in schools and elsewhere related to assistive technology.
Additional evidence as mandated by IDEA and No Child Left Behind legislation is
provided relating to efficacy of AT use in the schools. Since this study was
focused on AT outcomes for students with disabilities in the area of writing only,
the taxonomy and process of analysis could also be used as a model to study
effectiveness of AT for students with other areas of disability and/or other critical
areas of need. The information garnered from this study could provide a basis
for public policy development and/or impact funding sources for various AT
devices and services.
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CHAPTER 2
LITERATURE REVIEW
The purpose of this study was to analyze data collected as part of a 9.4
million dollar grant that provided assistive technology to students who needed it
in the state of Ohio. This study focused on students with learning disabilities and
a need in the academic area of writing who received AT through the Assistive
Technology Infusion Project (ATIP).
This chapter provides background information on assistive technology
laws and policies, learning disabilities, evidence-based practice, AT outcome
measures, assistive technology used by persons with disabilities, and AT utilized
by people with LD. It also explores the impact of AT on participation in desired
activities and the involvement of occupational therapists in providing services to
students with learning disabilities and providing AT devices and services.
Assistive Technology
Assistive Technology D efined
Technology has been defined as: "1) the practical application of
knowledge especially in a particular area" and "2) a manner of accomplishing a
task especially using technical processes, methods, or knowledge" (MerriamWebster On-Line Dictionary). These definitions describe technology as
application of knowledge or science and a means of accomplishing tasks, but do
15

not include devices or services in the definitions. The term assistive technology,
however, incorporates the ideas of application of knowledge with the use of
objects and services to accomplish functional tasks. Cook and Hussey (2002)
define assistive technology (AT) as "a broad range of devices, services,
strategies, and practices that are conceived and applied to ameliorate the
problems faced by individuals who have disabilities" (p. 485). Further definitions
are provided in the Assistive Technology Act of 1998 (Public Law 105-394). Here,
assistive technology (AT) is defined as "technology designed to be utilized in an
assistive technology device or assistive technology service" (Sec.3. 29 USC 3002,
Definition 2). An assistive technology device is "any item, piece of equipment, or
product system, whether acquired commercially, modified, or customized, that is
used to increase, maintain, or improve functional capabilities of individuals with
disabilities" (Sec. 3. 29 3002, Definition 3). Additionally, an assistive technology
service is defined as "any service that directly assists an individual with a
disability in the selection, acquisition, or use of an assistive technology device"
(Sec. 3. 29 3002, Definition 4). These definitions expanded on the definitions
provided in the Technology-Related Assistance for Individuals with Disabilities
Act (TRIAD) of 1988 (PL 100-407), the predecessor of the AT Act.
The World Health Organization developed the International Classification
of Functioning, Disability and Health (ICF), the most recent model of disability, in
2001. This model describes factors that positively or negatively effect
functioning, including Part 1: Functioning and disability and Part II: Contextual
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factors. Part I includes body functions and structures as well as activities and
participation. If a person's body functions and structures are not intact,
impairments may be noted. However, these may or may not impact participation
in desired life tasks. When the impairment affects the person's ability to
complete life tasks and actions, then an activity limitation or participation
restriction may be noted (WHO, 2001). The purpose of assistive technology is to
minimize activity limitations and increase functional participation (Jutai, 2002)..
Cook and Hussey described several characteristics used to differentiate
assistive technologies (2002). The first distinguishes between assistive and
rehabilitative or educational technologies. Assistive technologies are those that
assist a person in carrying out functional tasks, such as self-care, writing,
speaking, and moving. Rehabilitative or educational technologies are those that
teach, develop, or restore skills, such as software to teach phonics, math, or
attention and memory. The second area of distinction is between low and high
technology. Although at times it is difficult to determine the precise category into
which an item would fall, low technology is usually used to refer to an item that
is simple to use and easy to find. High technology is considered that which is
harder to make or find, and often has an electronic component. Hard and soft
technologies are another area of distinction. Hard technologies are the tangible
objects that a person uses, while soft technologies are the person factors, such
as decision-making, training, and knowledge. Another set of distinguishing
characteristics is appliances versus tools. Appliances are objects that work
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without consideration for skill level. These are items that a person can put on or
use without training, such as eyeglasses or a computer keyguard. Tools are
objects that require some skill to make them effective, such as communication
devices or powered wheelchairs. In order to effectively use tools, soft
technologies such as training, strategies, and skills are often required.
Technologies can also be used to augment or assist a person at times, which
would be considered minimal technologies, or maximal technologies which
significantly replace the functional ability. Minimal technologies as described here
are also considered "orthoses," while maximal technologies are considered
"prostheses" (Cook & Hussey).
Another area of distinction of devices is general or specific technologies.
General technologies are those used for a number of purposes, such as seating
devices, computers, or control interfaces (how a person operates an AT system
or controls a device). Specific technologies are used for a single purpose, such as
a communication device, a hearing aid, or a mobility device. The final set of
classifications is on a continuum from commercial to modified to custom.
Commercial technology is that which can be purchased through a vendor and is
intended for the general population or for persons with disabilities. Modified
technology includes items that have been purchased, but then modified to meet
the individual user's needs. Custom technologies are those that are made
specifically to meet the needs of a single user, such as a custom seating insert
for a wheelchair (Cook & Hussey, 2002).
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As assistive technology becomes more sophisticated and new items are
developed, the categories may change. Specific devices may also move from one
classification to another. For instance, if an item is customized or modified to
meet a single user's needs, but other users also want the device, it may
eventually be produced more readily and move to the commercial category.
Although the described categories may be fluid, assistive technology devices
described in this paper include any combinations of the above categories.
Assistive Technology Services
Students with disabilities not only need access to AT devices, but they
also need to have adequate support. This support can be in the form of student
training on how to use the device, teacher training on use and programming of
devices, and follow-up evaluation of student progress (Edyburn, 2000). To
maximize student success, teachers must be trained on how to use the AT most
effectively and efficiently. Forgrave (2002) states that merely using or exposing
students to assistive technology is not enough to make significant improvements
in their skills and competence. They may also need specific instruction in reading
and writing in addition to practice with the assistive technology.
Team members who provide assistive technology devices and services to
students with LD must make decisions on suitable devices and services. These
team members must work together to provide a comprehensive evaluation, to
discuss environments where the technology will be used and activities that will
be supported by the technology, to explore necessary features and devices to
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meet the students' needs, and to provide necessary training for implementation
and follow-up. Raskind and Higgins (1998) state, "it is imperative that
technologies be chosen relative to the particular individual's strengths,
weaknesses, interests, and experience; the function to be performed; and the
context of the interaction" (p. 29).
Bryant and Bryant (1998) described methods to effectively incorporate
technology into cooperative learning activities in the classroom. They described
the first step as starting with the technology team that included the user, family,
special education and related services personnel, technology specialists, and
others. They stated that this team was responsible for developing and
implementing a technology integration plan, including many components of AT
services, rather than just providing the student with the device. The team,
through thorough evaluation of the student, required tasks, and environments
(including the curriculum), first recommended the device that best matched the
students' individual characteristics and needs. They also took into consideration
family needs, abilities, and desires to promote independence for their child. Once
the device was attained, training for the student and other support persons
(teachers, family members) was necessary. The team needed to identify a key
person responsible to monitor the use and effectiveness of the AT device when
used in different contexts. Ease of use of the device, performance or functioning
with the device, and the ability of the student to keep pace with peers when
using the device were all aspects to monitor. Adaptations or additional training
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could be incorporated into any aspect as necessary. The final phase of this
process was to evaluate the effectiveness of the AT adaptations. The team
addressed whether or not the adaptations were beneficial in helping the student
compensate for areas of need and if the student was more able to engage in
classroom activities (Bryant & Bryant). These components of AT service are
crucial in successful implementation of AT for students with LD.
Many states have outreach programs that provide information about AT
devices and services, conduct evaluations, and provide equipment loan programs
for persons in urban as well as rural and underserved areas. Many states have
also developed interagency agreements to provide seamless AT services. Since
many agencies have some overlap of services regarding evaluation,
implementation or funding, these agreements encourage cooperation between
agencies to minimize confusing, redundant, or inefficient services (Bryant &
Seay, 1998).
H istory o f Assistive Technology
Assistive technology has been around since the Stone Age, even though
the term was most likely not used at that time. Devices used to assist a person in
doing functional tasks, such as walking or hearing, were developed as needed,
using materials and innovations available at the time (Cook & Hussey, 2002). A
person who was hearing impaired may have used an animal horn to amplify
sounds, or a person with an injured leg may have used a stick to assist in
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ambulation. Although not sophisticated in present terms, these would have been
considered assistive technology.
Over the years, knowledge has improved, and materials available to make
devices have developed. Braces or lower leg or arm prosthetics advanced from
cumbersome external devices of wood and leather to current prostheses that are
now barely noticeable or even resemble a natural limb. Communication devices
advanced from alphabet boards used to spell out words while the reader
watched to computerized devices with dynamic screens and voice output. When
the computer microprocessor was invented, many advances in assistive
technology devices occurred. Personal computers became small and portable,
communication devices had synthesized speech, and robotic aids to assist in
manipulation of tools emerged. With new inventions and innovations, the range
and diversity of assistive technology devices will continue to develop.
Many assistive technology devices were developed specifically for persons
with disabilities, but have been found to be beneficial for the general population.
Other devices for the general population (such as the personal computer and
voice-activated software) can be used by, and are very beneficial to, people with
disabilities. More and more, "commercial products are being designed according
to the principles of universal design: the design of products and environments
to be usable by all people, to the greatest extent possible, without the need for
adaptation or specialized design" (Cook & Hussey, 2002, p. 7). As new products
are developed, adherence to universal design principles is encouraged. Principles
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of universal design include: 1) equitable use - the design of the product is
practical for people with a range of abilities; 2) flexibility in use - the design
supports a range of preferences and abilities; 3) simple and intuitive use - the
device is easy to use without complicated directions; 4) perceptible information communication from the device is understandable to persons with varied sensory
abilities in varied conditions; 5) tolerance for error - the design minimizes
consequences from unintended actions; 6) low physical effort - device can be
used with minimal physical effort or fatigue; and 7) size and space for approach
and use - users of any size, stature or means of mobility are able to access and
use the device. Some AT devices requested in the Assistive Technology Infusion
Project and, therefore, described in this study incorporated the principles for
universal design. However, some items were specialized for people with
disabilities.

A T Laws and Policies
Assistive technology devices have advanced naturally as new items have
been invented and developed. Passage of several laws in the United States have
pushed the advancements in AT devices and services further (Cook & Hussey,
2002). The primary laws and amendments influencing delivery of AT devices and
services are the Developmental Disabilities Assistance and Bill of Rights Act,
Titles XVIII and XIX of the Social Security Act, Rehabilitation Act, Individuals with
Disabilities Education Act, Assistive Technology Act, and Americans with
Disabilities Act. A description of these acts follows.
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Developmental Disabilities Assistance and B ill o f Rights Act. Although not
directly focused on AT, the Developmental Disabilities Assistance and Bill of
Rights Act (PL 88-164) originally passed in 1963 as Title I of the Mental
Retardation Facilities and Construction Act. This law with its eight amendments
was instrumental in providing grants to states for developmental disabilities
councils (DD Councils), university affiliated programs (UAPs), and protection and
advocacy for persons with DD (PADD). These activities allowed monies for
development of programs to assist in development of programs, services, and
training, including those related to AT for persons with developmental disabilities
(DD).

Titles XVIII and XIX o f the Social Security Act. Title XVIII of the Social
Security Act of 1965 (PL 89-97), Medicare, was established to provide healthcare
assistance to the elderly (people aged 65 and over), people with disabilities, and
those with end-stage renal failure. Title XIX (Medicaid) ensures healthcare
assistance to those who meet income eligibility requirements. These acts support
financial assistance to those who have a medical necessity for AT, typically listed
under "durable medical equipment (DME)".

Rehabilitation Act o f1973 and Amendments. The Rehabilitation Act of
1973 was the first legislation instrumental in ensuring against discrimination of
people with disabilities. This law mandated that any agency receiving federal
funds was not allowed to discriminate on the basis of a disability. Individual with
a disability was defined a s "... any person who (i) has a physical or mental
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impairment which substantially limits one or more of such person's major life
activities, (ii) has a record of such an impairment, or (iii) is regarded as having
such an impairment" (PL 93-112, SEC. 706 [Section 7] 8.B.i-iii). This law required
that the needs of people with disabilities, primarily employees and students,
were accommodated. Thus, the term "reasonable accommodations" was
established. This law also mandated that vocational rehabilitation services to
support employment of persons with disabilties were implemented. Added in
amendments of 1986 and strengthened in 1998 amendments was the
requirement that persons with disabilties who work for the federal government
had access to electronic office equipment (Sec. 508).

Individuals with Disabilities Education Improvement A ct (IDEA). Public
Law 94-142, the Education of the Handicapped Act was passed in 1975. This
legislation was the first to recognize and mandate a free and appropriate public
education (FAPE) to children aged 5-21 years with disabilities. Through
reauthorizations in 1986, 1990, 1997, and 2004, the name of this law was
changed to the Individuals with Disabilities Education Act (IDEA). Several
additional provisions were outlined in the amendments, including definitions for
and requirements for services related to assistive technology (1990/1991); and
increased focus on the student's participation in the general education
curriculum, participation of children with disabilities in state and district-wide
assessments, and consideration for assistive technology for all students (1997).
The most recent reauthorization in 2004 (PL 108-446) added two titles to the law
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to align more readily with the No Child Left Behind Act passed in 2002 (formerly
the Elementary and Secondary Education Act or ESEA), which mandates
accountability for student achievement and use of research-based intervention
methods in schools. Title II of IDEA 2004 is the National Center for Special
Education Research. This title affected AT outcome measurements as it was
established to ensure that methods used in Special Education were researchbased and efficacious. This title supported research to 1) expand knowledge and
understanding of infants and toddlers, and children to improve developmental,
educational, and transitional outcomes for these individuals, 2) improve services
and support implementation of IDEA, and 3) evaluate the implementation and
effectiveness of IDEA (PL 108-446, Sec. 201).

Assistive Technology Act. The Technology Related Assistance for
Individuals with Disabilities Act (TRAID) of 1988 (PL 100-407) was the
predecessor to the Assistive Technology Act of 1994 (PL 103-218), 1998 (PL 105349) and the most recent amendments of 2004 (H.R. 4278). This law was the
first to specifically address making assistive technology devices and services
available to persons with disabilities, and provided the current definitions for AT
devices and services. This law provided financial assistance to states to increase
knowledge about and provide access to assistive technology for those who need
it. The law supported increasing the availability of AT to persons who need it
through education of AT devices and services available, increased availability of
AT devices and services, increased funding options for AT, training for those
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involved in providing AT devices and services, and improved advocacy for access
and laws supporting inclusion of persons with disabilities who use AT. The law
also supported involvement of persons with disabilities and their families in all
aspects of AT service delivery and supported research exploring the efficacy of
AT devices and services (Bryant & Seay, 1998). The most recent amendment in
2004 renewed the commitment of the federal government to provide funding for
AT education and services to all states, Washington DC, and outlying areas (for
example Guam, Puerto Rico, US Virgin Islands, American Samoa, and the
Commonwealth of the Northern Mariana Islands), and to get AT to the people
who need it.

Americans with Disabilities A ct (ADA). The Americans with Disabilities Act
of 1990 (PL 101-336) is an anti-discrimination act that extends the requirements
of the Rehabilitation Act of 1973 to the private sector. This civil rights act
includes five titles including: Title I - Employment; Title II - Public Services; Title
III - Public Accommodations And Services Operated By Private Entities; Title IV Telecommunications, and Title V - Miscellaneous Provisions. This act requires
reasonable accommodations for persons with disabilities and "includes acquisition
and modification of equipment or devices" (Sec. 101(9)(b)).

Conceptual Models for A T Service Delivery and Outcomes Research
Various conceptual models for providing AT services and measuring AT
outcomes have been described in the literature; however, none of these models
is considered the dominant conceptual model. Lenker and Paquet (2003)
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described six models that come from assistive technology, human factors,
disability, and social psychology literature, and have commonality in that they
capture the relationship between person and environment. These models
highlight the diversity of outcomes that can be measured in AT outcomes
research. Conceptual models are used by researchers and practitioners to frame
and describe key features or ideas, to expand understanding, and for use in
theory development, research, policymaking, and practice. "A conceptual model
for AT outcomes research and practice should have descriptive and/or predictive
functions that support provision of AT that has positive impacts for end users"
(Lenker & Paquet, p. 2).

HAATModel. The Human Activity Assistive Technology (HAAT) model
(Cook & Hussey, 2002) describes an AT system as comprising of the human
(user), the assistive technology, and how these interact to allow the person to
complete necessary and desired life activities. These activities can include
activities of daily living (ADL) such as self care tasks, instrumental activities of
daily living (IADL) such as care of others and household, education, work,
leisure, play, or social participation. This model also incorporates the
environmental, physical, cultural, and social contexts, ensuring that these are
considered within the AT system. Although this model is effective in assisting in
development of goals and determining appropriate AT to meet the user's activity
goals given the disability and within a given environment, it does not suggest
predictions for impact of AT on the user, and validity of this framework has not
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been established. Person and environment factors are considered and indicators
that may influence impact are stated, but it does not suggest a specific
relationship between the mod^l and outcomes.

ICF. The International Classification of Functioning, Disease, and Health
(ICF) was revised from the original International Classification of Impairment,
Disability, and Handicap (ICIDH) and approved by the World Health Organization
in 2001. This framework for assessment, diagnosis, intervention, and outcomes
measurement describes humans as to level of function, rather than in terms of
disability. Six aspects are considered, including 1) body function - physiological
aspects of body function; 2) body structure - anatomical aspects including body
parts; 3) activities - tasks the person does unrelated to the context; 4)
participation - engagement in life roles; 5) environment - physical, social,
cultural, and political; and 6) personal factors - demographics, such as age, sex,
location of birth, education, employment status, and socioeconomic status.
Missing from this model is a component that provides a predictive or causal
relationship between the influences of the AT on outcomes. This model was
adapted to include AT specifically (ICF-AT), and combines AT devices, functional
status and capacity, practice arenas, reimbursement and funding, and suggests
tools and indicators for evaluating each component of the model (WHO, 2001).
Arthanat, Nochajski and Stone (2004) found the ICF to align well to describe
health and functioning of persons with cognitive deficits, such as LD.
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SETT Model. The Student, Environment, Task, and Technology (SETT)
model developed by Zabala (1995) is very similar to the HAAT model, but it
applies to students in the educational setting. In order to determine the most
appropriate AT device to meet the individual needs of the students, Zabala
proposed that all aspects of the model needed to be addressed. The team
evaluating students' needs had to look at each student's strengths and
limitations in all physical, sensory and cognitive areas, determine requirements of
all the environments in which the student participated, identify specific tasks that
caused difficulty for the student, and finally determine the technology that would
best meet the student's needs.

Matching Person and Technology Model. Scherer's (1998) Matching
Person and Technology Model outlined a process to ensure that the environment
(milieu), person, and technology were matched adequately to meet the person's
unique needs. Although the necessary components for successful use of the
technology may vary slightly in any specific situation, the three components
remain the same. The person in this model includes the individual's physical
status, motivation, functional abilities, lifestyle, personality, expectations, sense
of control, desire for independence, and self-esteem. The milieu includes support
for training, physical environment, and financial aspects of acquisition of the
device, and the technology includes the physical, sensory, and cognitive
demands, cost, complexity, appearance, maintenance, usability of features of the
device. The MPT addresses the positive and negative aspects of each of the
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three components and how these aspects will affect use of the technology. This
model promotes a match between the person's strengths, limitations, and goals
in relation to their body function and role performance; the characteristics of the
technology itself; and the physical, social and cultural support available in the
given environment. Although this model is not explicit about outcomes of
effectiveness and efficiency, it does address client satisfaction, well-being, and
use or non-use of the AT device and could provide a framework for measuring
these (Lenker & Paquet, 2003).

Career Model. Gitlin's (1998) "Career" model uses a biopsychosocial
framework to outline how an AT user moves through various stages of AT use
over time. This model was developed primarily for AT usage by the elderly. The
initial phase of this model is the "Novice User" where AT device needs are
determined, the client is trained in initial use, goals are proposed, and the
potential for the effectiveness of the device is estimated. The next phase is the
"Early User." In this phase, the client has typically been home for 1-6 months
and has figured out risk factors, how the device fits with the individual's lifestyle
and environment, and self-care practices. It is at this point where the user is
either a consistent, inconsistent, or non-user of the AT. If the AT meets the
consumer's needs, the user continues to use it and moves from the early, to
experienced, to expert user. Gitlin suggests that as users transition between
major life events, their skills, abilities, and priorities can all change. This model
outlines variables that affect the path of AT use over time, and may be helpful in
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identifying factors that influence early acceptance of AT devices (Lenker &
Paquet, 2003).

Social Cognition Model. Social cognition models have been developed in
the psychology field to predict behavior. These models reflect the impact of
perceived benefits, attitudes, and control of behaviors of a person, combined
with those of others who are significant to the person on predicting the
behavioral choices. These choices are typically those that potentially have the
most favorable outcomes. The use of AT in this model is related to the person's
beliefs and attitudes about how the device may influence independence or goals
as well as the beliefs, attitudes, and supports of others in the environment. If the
person expects benefit from using the device (improved performance, quality of
life), he or she will more likely use it (Lenker & Paquet, 2003).

Perceived Attributes Theory. The Perceived Attributes Theory (Rogers,
1995) describes seven characteristics that influence AT adoption and use. A
positive perception of each characteristic can be used to predict a more positive
outcome of continued AT use. The first characteristic is relative advantage of
using the device compared to not using it. The second, compatibility, is how well
the device aligns with the person's roles, abilities, and sociocultural environment.

Complexity is related to how easy or difficult it is to learn to use the device.
When a person is allowed to try the device prior to purchase, this is trialability.

Observability is related to the aesthetic qualities of the device and how
noticeable it makes the person. To grow into a user's newly acquired skills or
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changes in ability, the device needs to have a degree of re-invention, which is
the ability to make adaptations or reconfigure the device to meet changing
needs. Finally, the last characteristic that influences successful adoption of the
AT device is change agents, or the persons who influence the user, such as
caregivers, the AT practitioners, and/or third party payers.

Parallel Interventions Model. Smith (as cited in Lenker & Paquet, 2004)
alluded to the impact of overlapping interventions that contribute to activity
performance and success. He identifies six factors that may influence benefits of
AT. These factors include change in ability of the individual, change in technique
of performing the task, change in the task itself, redesign of the environment,
assistance from others, and use of AT devices and services. This model
addresses measuring effects of AT by considering influences happening
simultaneously. These factors are also aligned closely with the contributions of
interventions on the outcomes measurement tools developed for the ATIP which
will be described in detail in chapter three.
Several conceptual models for AT use have been described. Any of these
could be applied to the outcomes research in this study of the Ohio ATIP.

Evidence o f Assistive Technology Outcomes
Evidence-Based Practice. The medical community has noted the
importance of measuring the effectiveness of services and has implemented
several formats for implementation. Over the years, various terms have been
used to describe these measures of accountability, such as utilization review,
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quality assurance, and total quality management. Many of these have been used
to measure effectiveness of an entire facility. More recently, the term evidencebased medicine has been used to demonstrate that interventions used with
patients are effective. The term evidence-based practice (EBP) is used to expand
the definition to include more facets of health care and rehabilitation. Sackett,
Rosenberg, Gray, Haynes, and Richardson (1996) define EBP as:
the conscientious, explicit, and judicious use of current best evidence in
making decisions about the care of individual patients. The practice of
evidence-based medicine means integrating individual clinical expertise
with the best available external clinical evidence from systematic research
(p. 71).
Tickle-Degnen (1999) described a summary of five levels of evidence.
Level I evidence is the strongest and includes well designed research studies
with large randomized controlled trials (RCT) or meta-analyses of these. Level II
evidence is also based on RCTs, but sample sizes are smaller. Level III evidence
is based on non-randomized studies. Level IV evidence includes single subject
designs, and Level V evidence is based on anecdotal evidence, expert opinions,
descriptive studies, or reports from expert committees.
The higher levels of evidence are desired in both occupational therapy
(OT) (Tickel-Degnen, 1999) and assistive technology arenas; however, due to
the nature of outcomes studies in these fields, large randomized samples are
rarely available, and people w th disabilities have so much variability in
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symptoms, needs, and support that it is extremely difficult to have matched
samples. Rather than large controlled samples, Level III to V evidence is typically
used in AT and OT research, and terminology may be slightly different.

Assistive Technology Outcomes Measurement Evidence-based practice in
AT is referred to as "Outcomes Measurement." Outcomes are defined as the
result of activities, goals and objectives, or the final consequences of these. The
natural results or consequences should be measured over time (Hammel, 1996).
Assistive technology outcomes are measured to gain information about the most
effective or efficient assistive technology service delivery. AT outcomes
measurement is accomplished by determining baselines of various AT service
delivery activities or goals and comparing them to how they have performed in
the past, or how they compare to each other. The purpose of outcomes
measurement in AT is ultimately to improve various aspects of service delivery
(DeRuyter, 1997).

Historical Overview o f A T Outcome Measures. Historically, the medical field
has been the forerunner in quality control, program evaluation, and outcome
measurement. Over the years, various terms have been used to describe these
measures of accountability, such as utilization review, quality assurance, total
quality management, and evidence-based medicine. Over the last ten years, the
assistive technology community has begun focusing more on outcomes
measurement in order to improve accessible services, funding, and satisfaction
and to decrease abandonment of AT devices by consumers. DeRuyter (1997)
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outlined three primary reasons that the AT community was not involved in
program evaluation and outcome measurement earlier. These reasons were that
1) AT was often induced under the rehabilitation umbrella, so specific
information about AT was not specified under this umbrella, 2) the clients
utilizing AT and the technologies themselves were so diversified, and programs
or practitioners providing AT services were limited, so research was difficult
logistically, and 3) those programs and clinicians that did provide AT services
were busy with clinical work, so usually were not able to spend time conducting
research (DeRuyter). Other reasons for limited outcomes research included
unfamiliarity of service providers with available outcome measurement tools, lack
of pressure from superiors to document outcomes or objective measures, and
limited time to engage in such activities (August-Dalfen, 2001).
In the last ten to fifteen years, a push to increase accountability has
stressed the need to develop tools to measure AT outcomes (August-Dalfen,
2001; DeRuyter, 1995, 1997; Fuhrer, 2001; Gray, 2002; Hammel, 1996; Jutai,
2002; Minkel, 1996; Scherer & Galvin, 1997; Smith, 2000; Zabala, et al. 2000).
Consumers, service providers, and payers of rehabilitation services involved with
AT devices and services are starting to demand evidence of cost effectiveness,
cost-benefits, and quality services. Information in the form of quantifiable data is
needed to demonstrate successful outcomes, including how interventions have
affected the lives of those who use AT (Scherer & Galvin, 1997). Jutai, Ladak,
Schuller, Naumann, and Wright (1996) propose that a "standardized, corporate
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approach to outcomes measurement would help enormously to document the
effectiveness of multiservice activities" (p. 111). This approach would aid in
comparing goods and services across clinical settings, professional disciplines,
and geographic locations. Standardized tools would allow comparisons of
outcomes "between users, AT alternatives or use conditions" (Gelderblom &
deWitte, 2002, p. 91).
Due to the complex nature of providing AT devices and services,
measuring these outcomes is not an easy task, however (Gelderblom & de Witte,
2002; Jutai, 2002; Rust & Smith, 2004; Scherer & Galvin, 1997: Smith, 1996).
Gelderblom and de Witte stated that four causes of this complexity were 1) the
diversity of the variables that influence outcomes; 2) the different outcomes that
can be measured related to AT; 3) multiple contexts and uses of AT; and 4) the
variety of goals for which AT is intended to improve. Much diversity exists in the
actual devices used by people with disabilities, how these devices are used, the
contexts in which they are used, and the goals that people have for using the
device(s). Several outcomes could be measured including how the device
impacts participation in daily life activities, independence in daily tasks,
satisfaction of the user with the device, functional independence, individual and
societal gains, financial impact, and effects on employment and social roles
(Gelderblom & de Witte).
DeRuyter (1995) identified five primary outcomes to measure in AT
service delivery including clinical status or clinical results, functional status,
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quality of life, satisfaction, and cost. Each of these is an important outcome, but
different stakeholders place varied levels of importance on each of these
measures. For instance, some stakeholders may place more value on functional
status, while others place more value on cost. Again, this complicates outcomes
measurement research. Minkel (1996) concurred with these five possible
outcome measures, but also stressed the importance of gathering data from the
consumer, especially related to quality-of-life (QoL) issues and the impact AT has
on QoL.
Cook and Hussey (2002) described the measured outcomes of AT to be
effectiveness, efficacy, availability, and efficiency. Effectiveness is on the person
consumer level, and deals with whether the device actually works to assist with
the consumer's life and needs. Efficacy is the ability of service delivery structure
and process producing desired results. Availability is assessed when determining
if AT is reaching those who need it. Finally, efficiency is concerned with the cost
benefit of the AT in meeting consumer and societal needs.
Jutai, Ladak, Schuller, Naumann, and Wright (1996) stated that positive
outcomes were desired in rehabilitation services in the domains of cognition,
communication, functional independence, mobility, occupational performance,
perception, physical function, psychological well being, quality of life, social skills
and socialization. They also felt these outcomes needed to target several levels
including the client, the client's family and caregivers, and the community. These
outcomes could then be used for institutional accreditation, quality improvement,
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program and service evaluation, regional comparisons, analysis of resource
utilization, and to provide evidence for the efficacy of therapeutic interventions,
including AT service delivery,
Smith (1996) identified several problems in collecting AT outcome data.
The first was determining what to measure: client satisfaction, effectiveness of
the device itself, cost effectiveness of the device, quality of life of the consumer,
functional performance, or participation. Another problem was determining if the
issue was the success of the device or the service delivery. Success or failure
could be related to the device itself, or could be the result of services provided in
the areas of evaluation, implementation and training, or follow-up. Another
problem was making a decision on who were the stakeholders to be satisfied:
the consumers, other caregivers, payers, policy makers, or others (AugustDalfen, 2001).
DeRuyter (1997) outlined other barriers to outcome measurement. He
identified these as: 1) resistance to program evaluation by individuals,
departments, or systems; 2) failure to acknowledge that service delivery is a
business that does have its own costs, 3) competing or absent regulatory criteria
for service providers or practice settings that implement AT services; and 4) the
existence of professional turf issues. Minimal levels of acceptable outcomes and
more accomplished levels need to be identified, which may have to be mandated
by policy factions (DeRuyter).
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Minkel (1996) stated that "which outcome measurement dimension we
choose to measure and evaluate relative to costs, will depend on our vantage
point as consumer, provider, or payer" (p. 287). In order to determine the
outcomes to be measured, one first needs to clearly identify the objectives of the
intervention. Systems for data collection can then be chosen to best measure the
desired outcomes. The desired outcomes can relate to any level of stakeholder,
including consumer, provider, or payer, and can address functional status,
satisfaction, program evaluation, quality assurance, efficacy of interventions, or
cost-benefit analysis (Scherer & Galvin, 1997). The information desired also
dictates at what intervals outcomes should be measured (e.g., to determine
change in ability or independence level). When making a final determination of
how to measure AT outcomes, and what outcomes to measure, it appeared that
most experts agreed that AT outcome measures needed to address one or a
combination of the factors involved in AT service delivery.

Taxonomies Used to Classify A T Devices. One problem in outcomes
measurement for AT devices and services is lack of a universal language or
taxonomy of terms. The National Classification System for Assistive Technology
Devices and Services (Research Triangle Institute, 2004) and the Schwab
Foundation for Learning (Raskind, 2000) have developed different classifications
of AT for persons with disabilities. When looking for or categorizing AT devices
for information or product purchase, there are many ways to search, such as by
product name, product type, disability type, product type, or by vendor. Many
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general categories of AT are described in several studies as well. Wehmeyer
(1998) described devices based on purpose, such as mobility, hearing and vision,
communication, home adaptation, and environmental control. In the National
Survey of Assistive Technology Use and Need by Persons with Disabilities in the
United States (Carlson, Ehrlich, Berland, & Bailey, 2002) identified similar
categories to those listed above, but specified mobility devices, hearing devices,
vision devices, personal/medical use AT, AT/IT (information technology) in the
home, anatomical devices, transportation technologies, structure/home
modifications, and other. Most of the taxonomies presently available are directed
to all assistive technologies, but some have specific categories listing AT
categories used in writing.
The Guide to ABLEDATA Indexing Terms (2005) states that ABLEDATA's
mission is to provide comprehensive information on AT from domestic and
international sources to persons in the United States. They list a taxonomy for
indexing devices by the product's function or available features. Their primary list
of indexing terms includes 20 major functional activities with specific and generic
terms for subcategories. For example, the first major heading is "architectural
elements." This includes a first subheading: "indoor," that has a second
subheading: "bathrooms," that has a third subheading: "bathtubs" and fourth
subheadings: "bathtub accessories" or "bathtubs general". ABLEDATA also
includes two other indices. One lists items that may cross product types, such as
all products for children. The other lists products typically used by persons in
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various disability categories. Writing devices for person with LD are listed under
the major headings of communication, computers, and education, and are also
listed under the disability category for learning disabilities.
Raskind (2000) described a taxonomy that included various technologies
for persons with learning difficulties, then separated those out by difficulty area
such as writing, reading, listening, organization, memory and math. Those listed
under the area of writing included word processors, spell checkers, proofreading
programs, outlining/brainstorming programs, speech recognition, speech
synthesis/screen review, word prediction programs, and alternative keyboards.
Using these terms, many devices could be classified in several categories,
however. Although the predetermined categories are helpful, they are not
mutually exclusive; many devices are multipurpose. For example, one device,
Intellitools' Intellitalk II, could be used for authoring, proofreading or speech
synthesis/screen review; it could also be used with an alternative keyboard.
When this device is requested, it is difficult to determine the best category to put
it in, since its function depends on how it will be used. Several formats have
been used to classify different devices, but none of them appeared adequate for
the measurement of outcomes in the ATIP study.

Current Measures o f A T Outcomes. Gelderblom and de Witte (2002)
stated that AT outcome assessment is a relatively new field, and limited tools
measure these outcomes. Studies and field scans have been conducted to
ascertain what outcome measurement tools have been developed, which are
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being used currently, and which are in the development or revision phases. Rust
and Smith (2004) reviewed 100 instruments and found that AT was either
ignored or its significance on impact of health and rehabilitation outcomes was
minimized.
Some tools have been developed that have adequate reliability and
validity related to AT outcomes for the general population of persons with
disabilities (Cook & Hussey, 2002; August-Dalfen, 2001; Gelderblom & de Witte,
2002). One tool that measures functional outcomes with AT is the Occupational
Therapy Functional Assessment Compilation Tool - or OT FACT (Smith, 2002).
The Canadian Occupational Performance Measure (Law et al., 1998) provides a
means to measure client satisfaction using the client's qualitative and
quantitative description of performance and satisfaction in various tasks before
and after intervention. The Psychosocial Impact of Assistive Devices Scale (Day &
Jutai, 1996) measures quality of life issues in the areas of competence,
adaptability, and self-esteem. Demers, Weiss-Lambrou, and Ska (2000)
developed the Quebec User Evaluation of Satisfaction with Assistive Technology
(QUEST) to measure importance and satisfaction of various factors influencing
AT use. Information from the Efficiency of Assistive Technology and Services
(EATS) can be used at the provider or policy level. It measures effectiveness of
products and services, and describes the individual's perception of autonomy in
daily life (cited in August-Dalfen, 2001). Matching Person and Technology (MPT)
is a series of tools used as a predisposition assessment to assure that a person
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will attain the AT device that will best meet his/her needs, based on
characteristics of the person, the environment (milieu), and the technology itself
(Scherer, 1998).
Project OATS (Outcomes of Assistive Technology in the Schools) was a
project sponsored by the Rehabilitation Research Design & Disability (R2 D2 )
Center in Milwaukee. In this project, researchers looked for measures for
assessing AT outcomes in schools and did not find a single instrument that
measured these outcomes. The School Function Assessment (SFA) (Coster,
Deeny, Haltiwanger, & Haley, 1998), a tool to measure function in the school
setting, was modified to reflect AT outcomes as well and was referred to as the
School Function Assessment- Assistive Technology Supplement or the SFA-AT.
This tool was found to measure some aspects of impact of AT on performance in
the school environment, but additional standardization, reliability, and validity
research and support are needed before this test will be available for widespread
use (Grogan, 2004).

Outcome Measures Used in the ATIP Project. None of the existing
outcomes measures met the needs of the Assistive Technology Infusion Project
(ATIP), so the Assistive Technology Outcome Measures (ATOMS) project through
the University of Wisconsin, Milwaukee was contracted to develop the tools to
measure the outcomes of this project. Four instruments were developed to meet
the needs of this project. These included an application (ATIP Application), an

initial student performance profile (SPP-Pre), an Assistive Technology District
Profile, and a follow-up student performance profile (SPP-Post).
The ATIP Application included demographic information, primary disability
area, student abilities at time of application, and rationale as to why the student
needed the AT. The SPP-Pre included a repeat of some of the application
information, as well as student's critical areas of need, goals in those areas of
need, current ability levels, rate of progress, expectations for progress using the
AT, and contributions to progress from ten different parallel interventions. The
SPP-Post asked the respondent to provide information similar to that in the SPPPre, but measured student performance approximately eight months following
the implementation of the assistive technology. The Assistive Technology District
Profile, the fourth outcome tool developed by the ATOMS project, described
district procedures and attitudes related to the infusion of AT devices and
services, but was not used in analyzing data for this study so will not be
described further. These tools will be explained in more detail in Chapter 3,
Instrumentation.

Learning Disabilities
Learning Disabilities Defined
The National Center for Learning Disabilities (2001, H 2) defines LD as "a
neurological disorder that affects the brain's ability to receive, process, store and
respond to information." It is further described as an unexplained inability of a
person of at least average intelligence to acquire basic academic skills.
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Over the years, learning disabilities (LD) have had several classification
systems. Generally, the disorder was seen as "unexpected" underachievement.
Students who were not achieving to expectations that could not be explained by
other exclusionary criteria or diagnoses, such as sensory impairments, attention
problems, emotional or behavioral disorders, poor instruction, or socioeconomic
disadvantage, and had a discrepancy between Intelligence Quotient (IQ) and
achievement were classified as learning disordered. Research over the last 10 to
15 years has not supported the discrepancy model of classification and definition
of LD based solely on scores on standardized assessments of IQ and
achievement. Little evidence has been provided to show that various types of LD
based on the discrepancy model differ from other types of underachievement. It
is also difficult to use the discrepancy model to assist in providing appropriate
remedial interventions because it is used primarily to label the student as LD, but
does not distinguish specific areas of need or appropriate methods of treatment
implementation (Fletcher, Morris, & Lyon, 2003).
The Intraindividual Differences and Problem Solving Models are two new
paradigms for identification of LD that have recently been developed (Fletcher,
Morris, & Lyon, 2003). The Intraindividual Differences Model (IDM) uses the
general concept of discrepancy between the individual's performance in specific
areas and other abilities, but includes measures of functioning that highlight the
student's strengths and limitations that can be used to make decisions about
diagnosis as well as services and appropriate interventions. "The child with LD
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has strengths in many areas but weaknesses in some core attributes that lead to
underachievement" (p, 32). This model continues to rely on standardized, normreferenced assessment tools that identify types of LD and can be used to direct
interventions. However, critics of this model are concerned that it places too
much emphasis on results of testing and does not place enough emphasis on the
child's actual classroom performance. Critics also feel this model does not
address students without LD who are underachieving, but do not show the
discrepancy required to be diagnosed with LD. This model also does not address
learning differences in children who have "exclusionary" criteria, such as sensory
or physical impairments. Although this model has potential for better diagnosis
and can be used to develop better services and interventions, it does not answer
questions beyond identifying the different subtypes of LD (Fletcher, Morris, &
Lyon).
The Problem-Solving Model (PSM) focuses much more on making
identifications that lead to providing appropriate and effective services and
interventions. Identification of LD is based on finding what works to improve a
student's learning through progress monitoring and curriculum-based
assessments; by measuring progress and learning over time. In this model,
student progress is monitored continually, and students who are not making
expected progress are provided interventions directed at the areas of need.
Students are then identified as LD when they fail to respond to the targeted
interventions (Fletcher, Morris, & Lyon, 2003).

47

Classification of students with LD in the ATIP was based on the definition
provided by IDEA. This definition of Specific Learning Disability (SLD), also
known simply as a Learning Disability (LD), is:
a disorder in one or more of the basic psychological processes involved in
understanding or in using language, spoken or written, that may manifest
itself in an imperfect ability to listen, think, speak, read, write, spell, or to
do mathematical calculations, including conditions such as perceptual
disabilities, brain injury, minimal brain dysfunction, dyslexia, and
developmental aphasia (IDEA, 1997, 300.7('cj(TQjj.
Federal Law requires that in order for a student to qualify as having LD,
certain criteria must be documented. IDEA further states:
(a) For a child suspected of having a specific learning disability, the
documentation of the team's determination of eligibility, as required by
§300.534(a)(2) must include a statement of—
(1) Whether the child has a specific learning disability;
(2) The basis for making the determination;
(3) The relevant behavior noted during the observation of the child;
(4) The relationship of that behavior to the child's academic
functioning;
(5) The educationally relevant medical findings, if any;
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(6) Whether there is a severe discrepancy between achievement and
ability that is not correctable without special education and related
services; and
(7) The determination of the team concerning the effects of
environmental, cultural, or economic disadvantage. (IDEA, 1997, Sec.
300.543 (a)(2)).
Additional criteria to determine that a learning disability exists are
identified for many states. Criteria may include documentation that a student's
achievement is not commensurate with age or ability when provided appropriate
experiences based on age and ability level in one or more area including oral
expression, listening comprehension, written expression, basic reading skill,
reading comprehension, mathematics calculation, or math reasoning. A severe
discrepancy between achievement and intellectual or cognitive ability in one of
these areas must also exist (ND Dept, of Public Instruction, 2000). The Iowa
assessment and decision making guide suggests that assessment includes a
multifaceted assessment, consideration of performance across time, a systematic
collection of meaningful and relevant information about the student's learning
problem, and decisions based on both qualitative and quantitative data (Iowa
Department of Education, 1999).
Approximately 5%, or 2.9 million, school-aged children are diagnosed with
learning disabilities (National Center for Learning Disabilities, 2001). In 2004, of
6,118,437 students in the US who were identified as having disabilities and
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needing Special Education, 2,839,694 (46%) had a primary disability in the area
of LD. In the state of Ohio, out of 239,755 students with disabilities, 97,519
(40%) were identified as having LD (IDEA Data, 2006). In national studies of all
students with LD, including those with problems in reading, writing, and math,
learning disabilities have been found to be more prevalent in boys than in girls
(Thompson, Caruso, & Ellerbeck, 2003). Data from the North Dakota
Department of Public Instruction Child Count for 2005 indicated that 65% of
students with LD were male, while 35% were female (ND DPI, 2005).

Types o f LD
Students with learning disabilities often have needs in the areas of
reading, writing, mathematics, organization, speaking and/or listening (Bryant &
Bryant, 1998; Bryant & Seay, 1998; Forgrave, 2002; Lewis, 1998; National
Center for Learning Disabilities, 2001). This study addresses assistive technology
for students with LD and a need in the area of writing. Although writing is
considered an area separate from reading for students with LD, language
develops as a whole. Development of reading and writing are intertwined;
reading ability affects a persons' ability to write (Zhang & Brooks, 1995).
Writing, and in particular spelling, also affects a person's ability to read. Frith (as
cited in Van Daal & Van der Leij, 1992) indicated that a critical step in
development of reading skills occurs when the child moves from recognizing
whole words to being able to separate sounds using an alphabetical strategy.
Although some individuals do have needs in reading or writing exclusively, many
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have needs in both areas. Since reading and writing development are
interrelated, both types of LD are described here.

Reading. Dyslexia is a disorder in processing language that affects a
person's ability to read. Reading problems generally occur in word skills and/or
comprehension. Students who have difficulty in word skills demonstrate slow and
laborious decoding skills (Forgrave, 2002). These problems are related to
processing and metalinguistic capabilities in acquiring language. Children who
have difficulty in differentiating and blending speech sounds often also have
difficulty in processing these in the written word (Lovett, Barron, & Benson,
2003). When students have difficulty in this area, energy is spent on decoding,
rather than on higher-level cognitive processes of understanding the content.
Students with poor decoding abilities may not get the complete impact of
passages read, and may have difficulty comprehending materials.
Some students with dyslexia are fluent readers, however, but difficulty in
comprehension stems from problems in cognitive processing, memory, or
inference-making. Decreased comprehension may also be due to poor vocabulary
skills or limited understanding of word meanings (Williams, 2003).
Poor reading skills due to word skills and comprehension are a concern in
elementary school years as children are learning to read. Even more problems
are noted for students in middle and high school, however, since much more
content is based on reading skills and vocabulary is often unfamiliar (Montali &
Lewandowski, 1996).
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Writing. Learning disabilities in the area of written expression are referred
to as dysgraphia. Common problems in the area of writing include the mechanics
of producing a written document as well as the development, organization, and
expansion of ideas. The primary problems noted are in handwriting, spelling, and
composition (National Center for Learning Disabilities, n.d.).
Many students have difficulty in the physical task of handwriting.
Handwriting is related to orthographic (or visual) coding, where the student is
visually aware of the letter and word structure, as well as fine motor skills
(Berninger & Amtmann, 2003). Producing text is extremely difficult and time
consuming. These students are concerned about producing text that is illegible
or difficult to decipher. The thought of editing a work that has been handwritten
often leads students with handwriting problems to write as little as possible so
they will not have to re-write a long document. Some students place so much
emphasis on trying to write a legible document and minimize mechanical errors
that they almost refuse to try to write (Zhang & Brooks, 1995).
Spelling and grammar also pose problems for students with LD. Success in
spelling relies on orthographic (visual awareness of word structure) as well as
phonologic (short term memory of alphabetic principles) coding (Berninger &
Amtmann, 2003). Students with spelling difficulties often are unaware of rules of
how letters are put together in specific order to form words. They often do not
understand the proper structure of text and have poor spelling skills. Significant
time and energy are expended on the task of putting letters and words in the
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correct order to be understood. When students focus all their energy on the
mechanics of writing or on spelling and grammar rules, they have little
opportunity to focus on developing ideas or making meaning.
Another common problem of dysgraphia is organizing ideas into a format
that makes sense. Students with concerns in this area are unaware of how to
plan, organize, create and/or edit their written work. Organizing a paper in a
logical order for topic, categories and sequence can be overwhelming. Even
though the student may have elaborate ideas in his head, he may be unable to
transfer these to paper before forgetting the ideas. He may even have difficulty
in knowing how to start drafting the composition (Raskind & Higgins, 1998).
Several research studies have explored the various concerns described in
dysgraphia.
Graham, Harris, MacArthur, and Schwartz (1991) reviewed a series of
studies in which they were involved that described the components of writing
that cause problems for students with LD. In one study, MacArthur and Graham
(1987, as cited in Graham et al., 1991) analyzed written products of students
with LD in three different modes of writing: handwriting, word processing, and
dictation. The handwritten and word processed stories were not different in
length, quality, story structure, vocabulary, or mechanical or grammatical errors.
However, the dictated stories were of higher quality, were longer, and contained
fewer errors in grammar. Slow rate in the handwritten and word processed
stories were thought to account for this difference, while the dictated stories
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flowed much more quickly. The authors felt that one reason for the difference
was that students were able to retain their ideas and planned text when the
stories were dictated. Another reason hypothesized was that when the student
was engaged in handwriting and word processing, attention needed to be
focused on lower level skills of grammar, spelling, and writing or keyboarding,
which minimized use of higher order thinking skills of planning, organizing, and
expanding on ideas.
In another study reviewed, Graham (1990, as cited in Graham et al.,
1991) expanded on the previous study by having students write essays by
handwriting, dictation, and slow dictation (same rate of completion as the
handwritten product). He examined writing in these conditions to see if the time
required for completion of the handwriting product (with ideas forgotten) was
the interfering variable as opposed to the mechanical demands of handwriting.
The handwriting condition again was slower and of lower quality than either of
the dictated methods, as the mechanics seemed to interfere with production.
However, the essays written under the slow dictation condition did not differ
significantly in quality from the normal rate dictation condition, but the slow
dictation essays tended to be longer. The mechanics, not the time, seemed to be
the interfering factor. The researcher also provided additional prompts for the
students to continue writing, even after they initially ended their writing to see if
external prompts improved quality of writing. For all three conditions, students
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wrote more and included more meaningful content when prompted to write
more.
Graham, Schwartz, and MacArthur (1993) conducted a study comparing
students with or without LD in their perceptions of what made a good writer,
knowledge o f planning, writing, and editing processes, and perceptions of their
own skills in writing. They found that students with LD focused considerably
more on writing mechanics (such as neatness and spelling) as opposed to the
students without LD who focused more on writing processes (e.g., planning,
organizing, and editing). The students without LD also placed more emphasis on
content and expression of ideas. These data indicated that students with LD had
a less mature understanding of the writing process than their non-disabled
peers. Although the students with LD had less mature responses to questions
related to the topics described, they did not indicate that they particularly
disliked writing. Even though they were not typically as successful in this task,
they tended to overestimate their abilities in writing. These authors support
writing instruction focused on cognitive processes of writing and desire to write
rather than focus on development of mechanical skills.
The previous studies provide evidence of factors that interfere with writing
for students with LD. The studies revealed that students with LD concentrated
much more on the mechanics of writing and appearance of a final paper than the
substance or content of the written work. They also demonstrated that students
with LD used fewer strategies for planning, organizing, or developing their
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writing. They often wrote what they thought, then abruptly ended their written
products without expansion on ideas. Finally, students who overestimated their
abilities or did not see any problems in their writing were less able to adequately
assess their strengths and weaknesses in writing, and develop the strategies
necessary to generate the energy or the means necessary to successfully
complete the writing process.

Interventions fo r Students with LD
Specially designed instruction is provided for students with LD through
IDEA and is outlined in each student's individualized education plan (IEP).
Specially designed instruction is defined in IDEA as:
... adapting, as appropriate to the needs of an eligible child under this
part, the content, methodology, or delivery of instruction to address the
unique needs of the child that result from the child's disability; and to
ensure access of the child to the general curriculum, so that he or she can
meet the educational standards within the jurisdiction of the public agency
that apply to all children (PL 105-17, Section 300.26.b.3.i & ii).
This specially designed instruction can include services within the general
education classroom or in a resource room. The instruction can include any
combination of types of instruction including assistive technology.
Direct instruction, strategy instruction, and cooperative learning are three
models used for remediation for students with LD. Each model provides several
components and can be used for intervention with any of the types of LD
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(Swanson, Harris, & Graham, 2003). Although not an instructional model,
assistive technology can be utilized to improve the participation and learning of
students with LD within any of the models of instruction.

Direct Instruction. Direct Instruction (DI) programs are published curricula
that include specific scripted lessons for skill development. DI includes training
for the teacher, assessment for student placement in the appropriate group,
correction procedures, and a brisk pace. A meta-analysis of 17 studies using DI
with students with LD found very favorable results for DI. Effect sizes ranging
from .73 to 1.26 were found for variables of student age/grade, reading/math,
norm versus criterion-referenced assessment tools used, research design,
duration of intervention, type of teacher, method of implementation, and country
of study, indicating support for DI methods (Adams & Carnine, 2003).

Cognitive Strategies Instruction. Cognitive strategies instruction (CSI) is a
group of processes that are taught to the student to assist in using
metacognition to improve learning. The learner intentionally plans, implements,
monitors, and evaluates strategies for effectiveness. In order for CSI to be
effective, the student must understand the rationale for using the strategy, how
the strategy can enhance learning, and when and how the strategy can be used.
The strategies allow and encourage the student to take control of his or her
learning. Different strategy instruction techniques can be incorporated with
students at various age levels and for different areas. Strategy instruction for
composition for students with LD has received the most attention and research,
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but CSI has also been used in mnemonics, mathematics and reading (Wong,
Harris, Graham, & Butler, 2003).
The two primary CSIs used in writing in elementary school are the selfregulated strategy development (SRSD) and the cognitive strategy instruction
writing (CSIW). The SRSD model initially included "goal setting, self-assessment,
self-instruction, self-reinforcement, imagery, and managing the writing
environment" (Wong et al., 2003, p. 386.) It was noted, however, that students
with LD also often had negative feelings about themselves as writers, which were
noted in self-doubt, low motivation, and minimal engagement in academic tasks,
so strategies were developed to address these. SRSD evolved into strategies for
four primary aspects of student writing. These include quality of writing,
knowledge of writing, approach to writing, and self-efficacy. In research studies
using these components, improvements have been noted in planning, revising,
content, and mechanics. The improvements were generally maintained over
time and were generalized across settings, with occasional refresher sessions
needed (Wong et al.).
In the CSIW model, students use cue sheets to remind them to carry out
specific components of the writing process, including planning, organizing
information, writing, editing, and revising. Students are initially taught to use the
cue sheet as well as what each component means and how to implement the
strategies. These are taught through specific instruction and teacher modeling,
but the external support is gradually faded so students can internalize why they
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are using the strategies and implement them independently. Studies using this
method of CSI resulted in students both with and without LD improving their
knowledge of the writing process as well as their writing abilities (Graham &
Harris, 2003).
At the secondary level, students are taught how to use seven steps of
strategy instruction. At this age level, the student verbalizes and rehearses each
strategy until the concept is mastered. The student then uses each strategy on
materials where he/she will be successful, then implements the strategy with
grade level materials. CSI at this level is utilized for teaching reading
comprehension, paragraph and sentence writing, monitoring errors in writing,
content learning, and writing opinion essays. Studies of CSI at this level also
demonstrated success in student learning. Students with LD who received the
CSI were compared to their non-LD peers in quality of writing on three genres of
essays. The students with LD improved in quality and quantity of writing to a
level comparable to their peers, but they needed to complete more essays to
reach that level (Wong et al., 2003).

Cooperative Learning. Cooperative learning (CL) is an approach that
utilizes small groups. Students in these small groups work together to complete
tasks, while each person is learning and assisting others to learn in the process.
This approach is well suited to diverse classrooms where students have a range
of levels of achievement. Success of the group is necessary for each individual to
be successful, thereby encouraging more skilled students to help those who may
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be struggling. This leads to new ways of learning for all students (Jenkins &
O'Connor, 2003). Early studies on CL were conducted on students with and
without disabilities, and those studies that did include students with LD were not
favorable in demonstrating that CL improved the academic performance of
students with LD. More recent studies on the effects of CL for students with LD
in mathematics and writing have not definitively shown that students in the CL
groups improved more significantly than students in other conditions. Other
studies tended to mix instructional models, so again conclusive data were not
available in favor of or opposed to CL groups to improve student skills (Jenkins &
O'Connor). In some observational studies of CL groups for students with LD,
negative results were noted. Students with LD were noted to contribute less to
the groups, had less opportunity to read aloud thereby limiting their
development of reading skills, and tended to be more isolated by their peers. In
other observational studies, teachers who established cooperative norms that
were conducive to learning for all had more successful CL outcomes (Jenkins &
O'Connor).

A T and Learning Disabilities
A TDevices Used for Writing for Individuals with Learning Disabilities
Assistive technology (AT) as an aid to learning should not be considered
an intervention method for LD in and of itself. Devices and services should be
used in tandem with other instructional methods described earlier. Use of
assistive technology may improve a student's access to and success in the
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general education curriculum as mandated by IDEA, however. Many children with
LD are able to access computers in their regular education classrooms to support
their reading and writing needs. This technology is twofold: it can build on, or
augment, a student's strengths or it can compensate for lack of skills or abilities
by allowing the student an alternate means of completing work (Forgrave, 2002).
Students in the current study used AT to augment and/or compensate for
lack of skills in the area of writing. Since this study focused primarily on students
with LD in the area of writing, special emphasis was placed on devices used for
students in this category, rather than on those devices used primarily for
reading. However, because reading is also important in the process of learning to
write, some devices described may have been used for students with LD with
needs in the areas of writing or reading.
Many types of AT devices are available to assist the student with LD and a
need in writing. Most of these are computer-based. They include word
processors, spelling checkers, grammar checkers/proofreading programs, speech
synthesis/screen reading programs, speech recognition, outlining and
brainstorming software, word prediction, abbreviation expansion, and alternative
keyboards (Bryant & Bryant, 1998; Forgrave, 2002; Lewis, 1998; Raskind &
Higgins, 1998, Raskind, 2000). Explanations of each of these and how they work,
as well as research related to their effectiveness are described.

Word Processors. Word processors can be in the form of a computer or a
portable note taker and are used to write, edit, and rearrange text prior to
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printing on paper. Word processors have the ability to save any text that has
been entered with means of editing at a later time. Ideas can be generated so
that content is not lost. Later, these ideas can be arranged into outlines that
flow, and spelling and grammar errors can be corrected (Raskind & Higgins,
1998). Having the option to edit and correct errors after initial ideas are written
allows the writer to focus on ideas rather than on the mechanics of writing
(Raskind, 2000). Van Daal and van der Leij (1992) stated, "the use of the
keyboard might be less cumbersome than handwriting for children with learning
disabilities, who need all of their attention and effort for the reading and
spelling" (p. 187). All laptop and desktop computers that include word processing
software, such as Microsoft Word, Clarisworks, Corel, or Word Perfect would be
included in this category. Other portable word processors such as the
AlphaSmart 3000, the Dana, or the Laser PC would also fit in this group.
Bangert-Drowns (1993) conducted a meta-analysis of 32 studies that
compared traditional writing methods with word processing for students without
identified disabilities. They found that writing quality, especially for students who
had poor writing skills and received remedial instruction, significantly improved
when these students used word processing.
Collins (1990) explored the effects of word processing on writing
performance of college students with LD and found that use of the word
processors significantly improved the performance of these students. Students in
the study demonstrated improvements in their writing fluency, achieved similar

62

grades, and finished the course within the same time frame as their non-disabled
peers.
Van Daal and Van der Leij (1992) used computer based writing and
spelling practice to see if the additional practice enhanced reading and spelling
ability in children with learning disabilities. Twenty-eight children with an average
age of 9 years, 7 months and an average reading delay of two years from
expected level participated in this study. Children practiced skills in three
conditions: reading, spelling with the target word on the screen, or spelling from
memory. Children were able to request speech feedback at will for any of the
conditions. Results indicated that spelling practice using a computer had a
positive effect on spelling words that had been practiced. Computer-based
practice also had a positive effect on enhancing reading skills.
Vaughn, Schumm, and Gordon (1993) investigated differences in
condition (writing, tracing, and computer keyboarding) on spelling ability for 24
children with (LD) and 24 children without LD (NLD) following practice sessions
and again one month following the training. They found no significant differences
in the condition for practice, but did note a significant difference in number of
words spelled correctly between the LD and NLD groups immediately following
and one month after training. The NLD group spelled more words correctly. They
also found that both groups spelled more words correctly immediately following
the practice than one month later, indicating that correct spelling of some words
had been forgotten for both groups.
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Several strategies to increase writing speed were explored with students
with LD (Lewis, Graves, Ashton, & Kieley, 1998). Speed of writing was examined
comparing handwriting, word processing alone, keyboarding instruction,
alternative keyboard, word prediction, and word prediction with speech
synthesis, The authors found that writing by hand was the fastest with word
prediction being second, and all groups improved in writing accuracy, especially
spelling. Discrepancies in performance between students with and without
disabilities decreased in the area of writing accuracy over the course of the
study; students with disabilities tended to "catch up" to their nondisabled peers.
Many studies combined the use of word processing with other
technologies, such as spell check, speech synthesis and word prediction
(MacArthur, 1998). Those studies are described in the sections on the other
various technologies.

Spell Checkers. Most word processing programs include spell checkers,
but they are also available as stand alone devices. Spell checkers that are built
into word processing programs allow the user to find words that are misspelled
and present options for correctly spelled words that the writer may have
intended. Words typed are compared to the programs' dictionary word list and
any mismatches appear as misspelled words. These programs have the capability
to learn new words that the user adds to the word list. Stand alone spell
checkers check words that the user enters via a keyboard. Some show correct
spelling only while others include a dictionary of definitions or a thesaurus. Spell
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checkers are only able to determine if a word is spelled correctly or not. They do
not determine if the word used is the one intended. For instance, the spell
checker would not alert the user to misuse of a particular word, such as
homonyms (e.g. their, there) or words using the same letters but in different
order (e.g. form, from). Stand alone devices in this category include many of the
Franklin products, such as the Homework Wiz, spell checker, Talking Spelling
Ace, Speaking Language Master, Speaking Homework Wiz, or Show Me Spelling.
MacArthur, Graham, Haynes, and DeLaPaz (1996) explored use of spell
checkers with students with LD in two studies. In the first study, 55 students in
grades 5 to 8 used ten common spell checkers to explore how helpful the spell
checkers were in correcting spelling errors, if there were differences among the
spell checkers, and if differences varied according to the severity of the
misspelling. The second study involved 27 students in grades 6-8. Without the
spell checkers in study 2, only 9% of errors were corrected by the students. With
the spell checker, 37% of errors were corrected. In both studies, wrong words
spelled correctly were not identified as errors, which was a limitation noted of
the spell checkers. The spell checkers did suggest correct spelling for
approximately 55% of the misspelled words, and when the spell checker
suggested the correct option, students selected the correct choice 82% of the
time.

Grammar Checkers. Many word processing programs also have grammar
checkers, also known as proofreading programs, included that alert the user to
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possible errors in sentence structure, grammar, punctuation, capitalization, word
usage or style. Some of these programs include options for correcting errors or
include explanations of language rules. Grammar checkers can be very useful,
but they often miss errors or alert the user to change text that was not actually
incorrect.

Speech Synthesis/Screen Review Programs (Text-to-Speech). Speech
synthesis allows conversion of text to speech and allows the user to hear text
that is on the screen. The computer reads by word, sentence, paragraph or
whole passage, using a synthesized or "computer" voice. The user is able to look
at what she has typed as well as hear the passage as each word being spoken is
highlighted. The user is consequently often able to notice missed words,
incorrect grammar, or determine if the written work makes sense and is what
was intended. A primary purpose of these programs for persons with LD and a
need in writing is to assist in hearing and editing their written work. Speech
synthesis is also used as an aid for reading. Some of the programs are "read
only" which means that they will read text that is on the screen only, such as
that produced by the user. Other programs include a scan and read component
that allows the reader to scan from other forms of text (books, newspapers), and
then, using optical character recognition (OCR), convert the picture to text. This
allows the user to hear the passage, but also edit or type within the scanned
document. Some examples of speech synthesis programs include, but are not
limited to Write:Outloud, WYNN, and Kurzweil 3000.
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Zhang and Brooks (1995) studied the effects of various writing methods
on the quality of writing of 33 students in grades two through five. Prior to the
study, all students completed a 20 minute writing assignment. Students were
then matched in triads, with each student per matched group randomly assigned
to one of three groups using a different writing method. One group used a
common word processing program, another wrote using paper and pencil, while
the third group used ROBO-Writer. ROBO-Writer is a HyperCard stack that
includes a preprogrammed word list, speech synthesis, and user friendly access
(icon driven). All students in the study worked on a story for eight 20 minutes
sessions over a two week time period using their assigned writing method.
Following the training, students wrote another story that was analyzed for quality
and length of text (spelling errors, grammatical errors, holistic quality and
number of words). MANCOVA and ANOVA results indicated that the students
using the ROBO-Writer had significantly better holistic quality than either of the
other groups (p < .05).
Montali and Lewandowski (1996) studied 36 students in eighth and ninth
grade. Eighteen average readers and eighteen poor readers completed content
reading in three conditions: visual only, auditory only, and bimodal (simultaneous
visual and auditory through speech synthesis on the computer). They found that
poor readers who participated in reading tasks by reading text on screen at the
same time that it was read to them by the computer (speech synthesis) were
able to reach comprehension levels of average readers who read silently. They
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used these? results to suggest the use of bimodal presentation to improve reading
comprehension of students with LD.
In a three-year longitudinal study, Raskind and Higgins (1998) studied
several components of AT use with college students with LD. When using speech
synthesis, the 34 students in the study found significantly more errors in their
writing when they heard it while reviewing text on screen (speech synthesis)
than when they proofread without assistance or when another human reader
proofread the text aloud. Students found more spelling, capitalization, and usage
errors when using the bimodal approach than other methods.

Speech Recognition (Speech-to-Text.). Students who have difficulty with
mechanics of writing, such as those who have higher skills in oral communication
than written communication, may benefit from voice recognition software (VRS).
Through the use of a microphone, headphone, and a soundboard, in combination
with a word processing program, speech is converted to text. This software
allows the user to dictate to the computer, which in turn translates the spoken
word into text. The user can also edit text by using voice commands. This
software must be "trained" to understand specific nuances of the users' speech
patterns. Although training can be difficult and time consuming, it is necessary if
the software is to be efficient for the user. When extensive instruction and
training are provided, VRS can be very effective in allowing the writer to express
ideas (Higgins & Raskind, 2000). The more the software is used, the better it is
able to understand the user. Older programs used discrete speech where the
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user had to dictate with a slight hesitation between words. Most current editions
of VRS utilize continuous speech where the user can speak without hesitation
between words, which assists with the flow of ideas. Dragon Naturally Speaking
and Via Voice are two examples of this software category.
Graham (1999) conducted a meta-analysis of five studies that explored
use of speech-to-text programs. He found that students who used this method
composed written work that was longer, more complex, and had fewer
mechanical errors than other means of composition. He also noted that when
students completed written work with fewer errors and increased legibility, their
grades also improved.
Students also demonstrated significant improvements in word recognition,
spelling, and reading comprehension scores when they used VRS compared to a
control group. Voice recognition programs that used continuous speech versus
discrete speech (which requires a slight pause between words) were also found
to significantly improve working memory for students who used this type of voice
recognition. The authors felt that this result was due to the students' needing to
concentrate more on what they were saying, remember it, and compare it to
what appeared on the computer screen. Both types of VRS programs were
effective in improving writing for students with LD, however. (Higgins & Raskind,

2000)
Raskind and Higgins (1998) found improvements in holistic quality of
writing of college students with LD when using VRS as well. Twenty-nine
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students were trained in use of the software, and asked to write three essays:
one without assistance (using handwriting or word processing); one dictated to a
human transcriber; and a third using the speech recognition software. They
found that students using the VRS had significantly higher scores in holistic
quality than on the essay written without assistance {p < .05). They also found
that students using the software also used significantly longer words and that
these words significantly correlated to the higher holistic scores (p < .0001).
Another study evaluating the use of VRS with postsecondary students with
LD explored whether students trained with the software used it over time, the
effects of long term use on writing performance, and variables that contributed
to continued use or non-use of the VRS (Roberts & Stodden, 2005). Fifteen
students were trained in the use of VRS over two academic semesters. Three
subjects did not respond to the researchers to provide further information, so no
additional data were gathered from them. The researchers found that five of
those trained attempted to use the software, but did not continue. Reasons for
discontinued use included frustration with the ability of the software to recognize
their voices, lack of time to learn the software and use it effectively, or
insufficient time to use the campus computer labs. Five other subjects did not
attempt to use the software after the initial training. Reasons cited were similar
to those of the subjects who attempted use of VRS, with the addition of personal
issues interfering with use, disability related to organization of writing versus
mechanics so no need for VRS, and use of an alternate compensatory strategy
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that was effective. Two subjects continued to use the software and completed
pre and post training and use writing samples. The subjects were very pleased
with the VRS and felt it added to their efficiency and improved the content of
their writing. One of these subjects demonstrated an improved grade level
equivalency (GLE) for writing from a 4.5 to a 6.5 according to Fry's Readabilty
Graph. No change in GLE was noted for the other subject whose initial and post
VRS use samples were at the college level GLE. Other factors that affected
continued use or non-use of the VRS were need for a compensatory strategy,
program of study, motivation to complete educational goals, ease of use, and
time. Those who used the software had a high need and motivation. They felt
their time was well spent learning and using the VRS. Other participants who did
not continue use were less motivated, had less need, and/or did not feel the VRS
was easy to use or increased their efficiency.

OutHning/Brainstorming Software. Often problems in writing mechanics
interfere with the ability to develop ideas and organize them into a logical story
line. Word processing programs often have built in outlining that allows
organization of ideas into Roman numerals, letters, and numbers for headings.
The user is able to jot down ideas, then reorganize them into a more logical
outline later without having to re-type the text.
Concept mapping, brain mapping, or mind mapping are terms that
describe a graphical format to arranging ideas. The user is able to put a main
idea into a center circle for example, then expand this idea by inserting subtopics
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in other shapes that link to the main idea or to each other. The number of
subtopic layers is unlimited. The ideas are also easily moved to align with other
topics if the writer decides that an idea would fit better somewhere else. This
visual organizer can then be converted to an outline for ease in expanding on the
brainstormed ideas. Inspiration, Kidspiration and Draft:Builder are examples of
these types of organization software.
Organizational software has also been used to facilitate study skills in
content areas. Anderson-Inman, Knox-Quinn, and Horney (1996) found that
students received higher test scores when they used these programs to study for
tests in content-based subjects. They also found that, in order to use the
software efficiently, explicit instruction on how to use the software was
necessary for both the students and their teachers.

Word Prediction. Word prediction programs, such as Co: Writer, work with
word processing programs to allow minimal keystrokes to enter text. The user
decides the word to write, then types the first letter of the word. A
predetermined number of words are then displayed from which the user can
choose. If the word intended is not on the list, one letter at a time may be
entered until the desired word is displayed. The writer then selects the correct
word from the list, and it is automatically inserted into the sentence. The
program also automatically displays another word that the user may want to use,
based on grammar, word patterns, and sentence content. If that is not the
desired word, the user again puts in one letter at a time until the desired word
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appears. Word prediction is beneficial for users who have difficulty with spelling,
writing, typing, or grammar. It eliminates many keystrokes, while helping the
user find the correct word to use. This program can be very useful in generating
words or ideas, but at times it can hinder the writing process because the user
could use the words that are displayed rather than use words he originally
intended to use.
MacArthur (1998) examined differences in writing of five 9 and 10 year
old students with LD using a word processor alone and using word processor
with word prediction and speech synthesis to write journal entries. When using
the word prediction with speech output, four of the five improved on legibility
and spelling accuracy, raising their accuracy from as low as 55% legible words
and 42% correct spelling to the 90-100% range for both areas.
In a series of two other studies, MacArthur (1999) found less favorable
results. In the first study, three students with severe spelling problems
composed simple journal entries using handwriting, word prediction with speech
and word processing alone. No differences in legibility were noted in this study.
In the second study, the same conditions were imposed, but a more rigorous
task was assigned which required use of a larger vocabulary. In this study, the
three students composed more slowly using the word prediction versus
handwriting. The author explicated these results suggesting the program was
difficult to use, demanded sustained attention, and required knowledge of at
least the first letter of words written, causing decreased performance.
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MacArthur, Ferretti, Okolo, and Cavalier (2001) reviewed the above and
another study using word prediction tailored to the subject matter and student
interests and abilities. Their conclusion was that there is support for "tailoring the
vocabulary to the writing task" (p. 294),
Anson (1993) conducted a similar study, exploring the effects of word
prediction (WP) when using a standard keyboard or using an on screen
keyboard. Eighteen subjects with prior typing experience, but no experience with
WP, were divided into the two groups. Each subject copied text without WP,
using WP as much as possible, and using WP only when the writer thought it
would be helpful. Results indicated little improvement in typing using the typical
keyboard and WP, and a pronounced decrease when using WP as often as
possible. The on screen keyboard group saw some improvements sometimes
using WP and a pronounced decrease as well always using WP. Subjects
reported that having to move eyes away from the text being copied was the
biggest challenge in using the WP. Neither of these studies were conducted with
subjects who had needs in writing or typing, so would be difficult to generalize to
the LD population.

Abbreviation Expansion. Abbreviation expansion and macros are a means
of using a few keystrokes to insert a larger amount of text. The user is able to
develop abbreviations for frequently used terms or text, then use a single or
short series of keystrokes to have that term or group of words spelled out. For
example, instead of spelling out the words "assistive technology" every time the
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writer wanted to use the terms together, the letters "at" could be typed followed
by the programmed cue, to insert the words "assistive technology." Likewise,
using macros, a few keystrokes could be used to insert an entire name and
address or other frequently used text. These are generally included in word
processing programs rather than separate software.

Alternative Keyboards. Finally, some students with LD may benefit from
alternative keyboards that have letters rearranged in a more familiar order. For
instance, users who have difficulty learning the standard QWERTY keyboard may
be more efficient with a keyboard in ABC order. Some keyboards are external, or
a separate device, but keyboards can also be re-configured using a standard
keyboard with keys rearranged or an on screen keyboard. External keyboards
can include expanded keyboards that are larger than the standard keyboard and
allow for enlarged keys for improved accuracy due to low vision or physical
impairments. Alternate keyboards can also be contracted keyboards, which are
smaller and allow for portability or use by persons with decreased mobility and
range of motion.

Tape Recorders. Standard tape recorders to register a student's ideas may
be useful in allowing the student to brainstorm ideas or actually record a story or
report, then convert the words to text later. These can help the user who has
difficulty remembering ideas if not captured immediately.

Other. Assistive Technology devices that are typically used for students
with types of LD other than writing can also be used for those with needs in
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writing. For example, a personal data assistant (PDA) is typically used for a
person with LD with needs in organization and memory, but it can also be used
to assist a person who has needs in writing. Story ideas or brainstorming can be
entered into the PDA and used later when developing written work.
Persons with LD can also use listening systems to assist in attention by
screening out extraneous noise and aiding the listener to pay attention to the
primary speaker. Typically these are used by students who have difficulty with
focusing on a speaker and miss or misunderstand instructions or content.

O T Involvement in A T Service Delivery and Intervention for Students with LD
Occupational Therapists (OTs) have been instrumental in providing
services to students with special needs in the educational setting. A main area of
service provision has been with students with learning disabilities and those
students who have needs in the academic area of writing. The Occupational
Therapy Practice Framework has outlined many levels of skills related to writing
that are addressed by OTs. Areas of occupation related to writing include work
and education. Motor performance skills of coordination, strength, effort, and
energy; and process skills of knowledge, temporal organization, organizing space
and objects, and adaptation are also within the OT scope of practice related to
learning disabilities and writing. Additional aspects of occupational performance
that are impacted by OT services are performance patterns of habits, routines or
roles, and environmental contexts (AOTA, 2002). These can include evaluating,
planning, and implementing adaptations, such as AT, necessary for success
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within various milieus. Therefore, writing for students with learning disabilities is
a primary area of service provision and interest for occupational therapists.
Summary
This study addressed types and impact of assistive technology used with
students who have learning disabilities and a need in the academic area of
writing. This literature review provided background information on AT including
device and service definitions, history of AT, laws and policies effecting AT,
conceptual models for AT service delivery and outcomes research, and evidence
of AT outcomes. Information was also presented on definitions and interventions
for learning disabilities. Types of AT devices, studies incorporating them, and
examples of the AT used for students with LD were also described.
The next chapter provides information on methodology used in this study.
It includes research design, sample, instrumentation, data collection and data
analysis procedures.
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CHAPTER 3
METHODOLOGY
The purpose of this study was to analyze data collected as part of a 9.4
million dollar grant that provided assistive technology to students in the state of
Ohio. This study focused on students with learning disabilities and a need in the
academic area of writing who received AT through the Assistive Technology
Infusion Project (ATIP). This chapter describes the procedures and methodology
used in this study including design, sample, instrumentation, data collection, and
data analysis procedures.

Design
Prior to implementation of this study, all methods and procedures using
the existing data from the Ohio Assistive Technology Infusion Project (ATIP)
were approved through the University of North Dakota Institutional Review Board
(IRB) to insure safety and minimal risk to human subjects. Since all data had
previously been collected and organized without identifying information, an IRB
approval with exempt status was given.
This study utilized existing data to explore various facets of AT use for
students who attained AT devices through the Ohio ATIP. This study provided
descriptive information and frequencies, various AT devices and services used,
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pre-post test measures of change, and exploration of relationships among
variables.

Sample
In June 2001, the state of Ohio received a 9.4 million dollar grant to
provide assistive technology devices to students with disabilities in the state. All
students with disabilities in the state were eligible to apply for funding for the AT
devices. Determination of who would receive these devices and what devices
would be provided was decided through a process that included review of an
application (ATIP Application) and a student performance profile (SPP-Pre). For
those students awarded the AT devices, an Assistive Technology District Profile
and a Student Performance Profile-Post (SPP-Post) were to be completed. The
data were collected over several years, from the initial application period in
November 2001 until August 2004.
In order to establish the sample and analyze the data received, funded
cases were first selected from the 4,979 total applications submitted. This
selection left a total of 3,479 applications for students in Ohio (or approximately
70%) who received funding for AT devices. In order to be funded, the
application and SPP-Pre must have been completed. From the total cases
funded, files were then arranged by disability area. All applications that listed
Specific Learning Disability as the primary disability area (10.00 on the list of
values) were selected. Approximately 13.8% (477 cases) of funded applications
were awarded to students with LD as their primary disability area. From these,
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any files that included "Writing (expressing oneself in written forms)" as one of
three possible areas of need were disaggregated. This data set then included
290 students with LD and a need in writing, or approximately 8.4% of all funded
awards, or 60.8% of the awards given to students with LD.
The total number of cases used in data analyses for this study was further
limited because many of those receiving funded items did not complete the rest
of the data collection procedures of the Student Performance Profile-Post (SPPPost). This left a total of 178 or 5.1% of total funded cases that had LD as the
primary disability area, writing as an area of need, and completed all data
collection instruments. Thirteen additional files did not list a device requested for
a goal in writing, so these files were also eliminated, as they did not contain
completed information for analysis. The final number of cases used for data
analyses in this study was a total of 165 cases or 4.7% of all those funded.

Instrumentation and Protocols
Four instruments were developed by the Assistive Technology Outcome
Measures (ATOMS) project through the University of Wisconsin, Milwaukee to
assist with the application process and outcome measures for the Ohio ATIP.
These included an application (ATIP Application), an initial student performance
profile (SPP-Pre), an Assistive Technology District Profile, and a follow-up student
performance profile (SPP-Post). The instruments used to collect the pertinent
data for this study were the ATIP Application, SPP-Pre and SPP-Post.
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The ATIP Application included demographic information such as gender,
age, primary disability area, initial present level of performance of the student's
abilities, statement of critical need for AT, and accommodations/modifications. It
also included information about AT solutions proposed and selected including
rationale as to how these decisions were made and cost. AT devices requested
must have cost at least $100.00 in order to be funded through this project. Team
members, responsibilities, and evaluation procedures were identified as well.
The SPP-Pre contained five main sections. Section I. General Information
included some similar demographic information, such as student identification
number, age, gender, grade, and primary disability area. Section II. Critical Areas
of Need included more detailed information about areas of need. The person
completing the profile (the building contact person) was asked to identify
expectations of how the AT would help the student. They were then to choose
areas of need from seven main categories (Academic Content, Accessing and
Manipulating Instructional Materials/Tools, Work Habits/Study Skills,
Communication, Mobility, Personal Care, or Other). Each main category had
several subcategories. In the area of academic need, subcategories included
reading, writing, mathematics, science, and other. Section III. IEP Goals was
where the student's goals that were addressed by the AT were written. The
student's current ability level was rated on a scale of 0% (not able) to 100%
(fully able) for each goal identified. Section IV. Contribution of Interventions
allowed the applicant to estimate the contribution of several interventions to
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student progress for each of the identified critical areas of need. These were
rated on a scale of 0 (no contribution) to 10 (substantial contribution) for ten
different interventions. These included student strategies (natural development
and compensation for impairment); teacher strategies (adaptations of specific
curricular tasks, redesign of instructional environment, performance expectations
changed, and participation in general education instruction); special services
(related and support services-OT, PT, SLP, Title I, Tutoring and personal
assistance); and assistive technology (AT devices and AT services). Section V.
Rate of Progress was where the student's current rate of progress, given past
and current interventions, was rated on a five-point scale (l=none, 2=slow,
3=moderate, 4=fast, 5=very fast).
The SPP-Post had information similar to that in the SPP-Pre, but was
meant to measure student performance approximately eight months following
the implementation of the assistive technology. Section I. General Information
was very similar to that on the SPP-Pre. Section II. Expectations identified to
what extent expectations were met on a five-point scale (not met to exceeded
expectations). The contact person was to describe any positive or negative
unanticipated outcomes resulting from the use of AT for each expectation
identified in the SPP-Pre. Section III. Area of Need Rate of Progress, Area of
Need Contribution of Interventions, and Area of Need Goal had the contact
person answer several questions. Rate of progress and contribution of
interventions for each area of need goal using the same scales as the SPP-Pre

82

were answered first. Also in this section, the student's current ability level on
each goal was again rated using the same 0-10 scale of not able to fully able. All
AT devices targeted to support each goal and procured through the ATIP were
listed. How often and the amount of time the AT was used in support of the goal
was listed as well in a forced-response format. AT services provided in support of
the goals were also chosen from various options (further evaluation, training for
student, training for educational personnel, training for parents, device
programming or set-up, repair, classroom implementation support, collaborative
planning time, or other). Section IV. Access and Progress in General Education
identified how much the use of AT had contributed and was anticipated to
contribute to various student outcomes (participation in general education
classroom, participation in general education curriculum, participation in
statewide (proficiency) training, graduation from high school (if applicable), and
interactions with general education students. Finally, Section V. Building Contact
Person Survey identified perceptions of the contact person and team regarding
AT outcomes. Since these tools were developed for the ATIP, validity and
reliability studies had not been conducted prior to use, but were judged by the
project to have content validity.

Data Collection Procedures
The data used in this study were already collected as part of the Ohio
ATIP, so no further data collection was required or anticipated. The data were
provided to the ATOMS project at the Rehabilitation Research Design and
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Disability (R2 D 2 ) Center at the University of Wisconsin, Milwaukee for analysis
since the ATOMS project was contracted to develop the outcome measurement
instruments and to analyze the data. This researcher was appointed as an
honorary research fellow through the R2 D2 Center, so access to the data was
allowed for further and different analyses.

Data Analysis
Research question I related to information on demographic and other
general information about the students, devices and services identified for
students in the study. To begin the analysis, files for students with learning
disabilities and a need in writing were extracted from the entire database of
3,479 funded files. From those, students whose files included all aspects of data
collection were further extracted, leaving a total of 165 cases for analysis in this
study. Descriptive information regarding numbers of students in this category,
gender, grade, and percentage of total applicants completing entire process was
compiled.
All types of AT devices funded in support of the identified goals for these
students were listed and categorized. Various taxonomies for categorization were
explored, and a decision for two classification systems for this study was
generated. The process of decision-making for these taxonomies is described in
Chapter Four of this study. General categories with subcategories for each were
first identified and frequencies of devices in each category were tallied.
Categories were then combined to facilitate further analyses of the variables.

84

The types of AT services provided to support the use of the specific items
for the identified goals were presented as forced choices, so they were already
categorized. Since each respondent could select up to nine services for each
student per goal, these were first examined to eliminate redundancies. These
were then compiled to describe types of services provided and frequencies of
each.
Research question II explored relationships between assorted variables
related to writing goals from the SPP-Pre to SPP-Post. First, changes in student
ability and rate of progress between SPP-Pre and SPP-Post were calculated using
paired samples t tests. Differences in change in ability and change in rate of
progress based on AT device used were ascertained using One-Way ANOVA.
Finally, relationships between change in ability, number of AT services received,
and change in rate of progress were explored by computing the Pearson r
correlation coefficient.
Finally, to answer research question III, differences in the contributions of
various interventions from the SPP-Pre to the SPP-Post for the 10 categories of
contributions (i.e., natural development, compensation for impairment,
adaptations of specific curricular tasks, redesign of instructional environment,
performance expectations changed, participation in general education
instruction, related and support services, personal assistance, and previous AT
devices used and services provided) were analyzed. Changes between pre and
post-test were calculated via paired samples t tests and differences in change
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across the intervention variables were determined using a repeated measures
analysis of variance (ANOVA).
This study was an analysis of pre-existing data collected through the ATIP
in the state of Ohio from 2001 to 2004. This chapter described methodology
used in the study including the design, sample, data collection instruments and
procedures for the ATIP Application, Student Performance Profile-Pre (SPP-Pre),
Student Performance Profile-Post (SPP-Post), and data analysis procedures.
Chapter four will describe the results of analyses conducted.
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CHAPTER 4
RESULTS
The purpose of this study was to analyze data collected as part of a 9.4
million dollar grant that provided assistive technology to students who needed it
in the state of Ohio. This study focused on students with learning disabilities and
a need in the academic area of writing who received AT through the Assistive
Technology Infusion Project (ATIP). This chapter describes the results of the
data analyses to answer the research questions.

Research Question I Results
Users o f A T for Writing
Research question I related to the demographics of students with learning
disabilities who used assistive technology for writing. Question I.A. specifically
asked, "Who were the students who used AT for promotion of writing skills?"
The answer to this question included several components related to students
with LD and a need in writing in the Ohio ATIP including the total numbers, the
percentage of total applications received, the percentage of students with LD and
a need in writing, distribution by gender, and the grade levels at completion of
the SPP-Pre.
The data collected for this study were based on 4,979 submitted
applications, 3,479 of which were funded. From the funded cases, 477 files of
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students with LD were extrapolated, 290 (60.8%) of which identified needs in
the area if writing. Of these, 165 or 3.3% of all applications and 4.7% of all
funded applications had LD, a need in writing, and completed all facets of data
collection. These 165 cases were used for data analyses for this study.
Of these 165 cases, 134 (81.2%) were male and 31 (18.8%) were female.
The grade with the highest number of students in this study was the eighth
grade (n=29), followed by grade 4 (n=28), and grade 5 (n=27). Early
elementary and upper high school grades contained the fewest number of
subjects. No students in this data set were in kindergarten, pre-kindergarten, or
the 18-21 year old age group, although these were options for persons in the
study. Specific grade levels, numbers of students and percentage of students in
each are listed in Table 1.
Table 1. Number and Percentage of Students per Grade Level
Grade Level

Frequency

%

1

3

1.8

2

11

6.6

3

19

11.5

4

28

16.8

5

27

16.2

6

17

10.2

7

12

7.2

8

29

17.4
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Table 1 cont.
Grade Level

Frequency

%

9

10

6.0

10

5

3.0

11

2

1.2

12

2

1.2

Total

165

100.0

Most Common A T Devices
Question I.B. explored the types of devices that were requested through
the ATIP. Items requested for funding were listed on the application and SPP-Pre
as an open-ended response. This allowed the requesters to include any
combination of items up to 12 devices per application. Many requested several
incidentals, such as ink cartridges, batteries, battery chargers, carrying cases,
additional cables, and shipping. Since these were not primary AT devices used
for students and were not consistently requested by all respondents, these were
deleted from the final list of items requested prior to determining frequencies.
Items were also requested by how the respondent knew of them, many of which
were spelled and requested in different ways. For example, many requests for
the AlphaSmart were made, but these were listed as "Alphasmart", "AlphaSmart
3000", or "Alpha Smart". Several different brands of similar items were also
requested; in order to develop a manageable list of AT devices requested and
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answer the research question, a taxonomy for classification of devices had to be
developed first, followed by a summary of frequencies based on the established
taxonomy.
Many strategies were possible to identify or categorize AT devices. Some
available taxonomies categorized by product name, product type, disability type,
or by vendor (The Guide to ABLEDATA Indexing Terms, 2005). Others described
categories based on purpose of device, such as mobility, hearing and vision,
communication, home adaptation, and environmental control (Wehmeyer, 1998).
Raskind (2000) described various technologies for persons with learning
difficulties, particularly in the need of written language. These were listed as
word processors, spell checkers, proofreading programs, outlining/brainstorming
programs, speech recognition, speech synthesis/screen review, word prediction,
and alternative keyboards. The National Classification System for Assistive
Technology Devices and Services (Research Triangle Institute, 2004) divided
devices by ten primary categories including architectural elements, sensory
elements, computers, controls, independent living, mobility, orthotics/prosthetics,
recreation/leisure/sports, modified furniture/furnishings, and services. Devices
requested in this study, according to the National Classification System, would
fall primarily under the sensory elements: cognitive aids and devices for multiple
disabilities, or computers: hardware and software. This system included many of
the categories of devices used in this study. Although these predetermined
categories were helpful, however, they were not mutually exclusive. Many of the
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devices were multipurpose. For example one device might be included under
writing/authoring software or under speech synthesis/screen review. In order to
provide valuable information about the most commonly used devices, but also
allow for further analyses of data based on devices used, two taxonomies were
developed specifically for this study.
The first taxonomy developed included lists of devices under the general
headings of "hardware," "software," and "other" devices. This taxonomy was
developed so the reader was able to get a good idea of the main devices
requested and used by persons with LD and writing needs. The most commonly
requested device was word prediction software (63 requests). The next top five
devices requested included laptop computer (52), portable word processor (41),
proofreading and editing software (39), speech synthesis/screen review software
(35), and hand held spell check/grammar check devices (32). It was assumed
that all word processors included word processing software such as ClarisWorks,
Word or Word Perfect. Other devices, frequencies, and examples of specific
devices included in each are listed in Table 2.
Table 2. Taxonomy, Frequency, and Examples of AT Devices
Category: Item

Frequency

Examples

Hardware:
Alternate Mouse

2

Track Ball, Optical Mouse

Alternate Keyboard

1

Wrist Keyboard

Computer: Internet

4

EBuddy
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Table 2 cont.
Category: Item
Notetaker/Organizer
Peripheral:
Microhone/Headphones
Printer
Scanner
Wireless Internet

Frequency

Examples
Palm, personal organizer

3
22

All brands

9

All brands

24

All brands

2
41

AlphaSmart, Dana, Laser PC 6 & 25

Computer: Desktop

13

All models, all computers not
otherwise specified

Computer: Laptop

52

All notebooks, iBooks, portable
computers

Word Processor:
Portable

Other:
Learning: Reading

7

Edmark, Interactive Books

Listening System

5

FM Sound Systems, All models,
brands

Miscellaneous

2

Furniture, labelmaker

Reading Aid

11

Reading Pen, Quick Link Pen, Cast
eReader, Intellitools Access Bundle,
Leap Pad

Spell Check/Grammar
Check

32

All hand held spell check,
dictionaries

Tape Recorder

2
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Table 2 cont.
Category: Item

Frequency

Examples

Software:
Learning: Content
Based

5

Balanced Literacy, Get-It CD, Simon
Skills Pack, Attention & Memory

Miscellaneous

2

Boardmaker, Speaking Dynamically
Pro

Speech Synthesis/
Screen Review

35

Voice Recognition

7

Kurzweil, WYNN

Dragon Naturally Speaking, Via
Voice

Word Prediction

63

Co: Writer

Writing: Authoring/
Multimedia

11

Intellitalk II, Intellitools Classroom
Suite, Intellipics Studio, Ultimate
Writing

Keyboard Tutor

1

Idea Organization

13

Inspiration, Kidspiration,
Draft:Builder

Picture/Symbol
Based

4

Pix Writer, Clicker 4, Writing with
Symbols, BuildAbility, WiggleWorks

Process: Tutorial

1

Structured Writing

Proofreading/Editing

Total

Mavis Beacon

Write:OutLoud, TextHelp Read &
Write

39

413

Since each subject in this study could have requested up to 12 items, this
taxonomy would have allowed too many combinations of variables for further
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analyses in the study. The categories needed to be compressed further to allow
a manageable number of categories for analyses comparing devices used to
change in abilities of students or change in rate of progress. The devices
included in the above taxonomy were compressed to a new classification system
that included six primary device categories. These included word processors,
peripherals, external devices, writing/learning/voice recognition software, speech
synthesis/screen review software, and word prediction software. Microphones
and headphones were not included in this list because they were requested
inconsistently with devices that typically recommended or required them for use,
such as with Voice Recognition software or talking spell checkers. Other items
from the first taxonomy not included in this one were "Other: Miscellaneous"
which included furniture and a labelmaker, and "Software: Miscellaneous" which
included software for an augmentative communication device.
This taxonomy continued to allow for up to 16 combinations of variables,
some with very low frequency, so further combining and categorizing was
undertaken. The final classification used for further analyses in this study
included six categories. The first included any type of word processor and/or
peripherals such as printers, when these were the only devices requested. The
second category included any individual type or combination of software. The
third included external hand held devices. The fourth category was word
processors and any type or combination of software. The fifth was word
processors, any software, and peripherals such as printers or scanners. The final
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category included any combinations of less frequently requested groups of items
(0-3 requests each) and included other combinations of word processors,
peripherals, external devices, and software (e.g. word processor and external
device; external device, software, and peripheral). The most frequently
requested combination of devices was word processors with software (60). All
categories and frequencies are illustrated in Table 3.
Table 3. Compressed Taxonomy of AT Devices, Frequencies, and Percentages
Frequency

%

Word Processor &/or Peripherals

15

9.1

Software

18

10.9

External Devices

28

17.0

Word Processor & Software

60

36.4

Word Processor, Software, &
Peripheral

20

12.1

Word Processor, Peripheral, Ext.
Device, Software, or combination

24

14.5

165

100.0

AT Device

Total

Most Common A T Services
Most common services provided were investigated in question I.C. AT
services provided to students were listed on the SPP-Post as specific choices
including further evaluation, training for student, training for education
personnel, training for parents, device programming or set-up, repair, classroom
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implementation support, collaborative planning time, or other (please specify).
The respondent was to select all that applied. Many of the reports included
anywhere from 1-9 responses, while some did not list any services. Services
utilized could also be listed under each goal, so were frequently reiterated
several times for one student. To analyze the services, redundancies were first
eliminated, then all services were listed separately and tallied. The most common
AT services provided to students with LD and a need in writing were training for
the student (137), training for educational personnel (113), device programming
and set up (107), and classroom implementation support (102). Results of
services used and frequencies of each are included in Table 4.
Table 4: AT Services Provided to Students With LD and a Need in Writing
Frequency

%

Classroom implementation support

102

17.0

Collaborative training time

39

6.5

Device programming or setup

107

17.8

Further evaluation

19

3.2

Other

2

.3

Repair

40

6.7

Training for educational personnel

113

18.8

Training for parents

41

6.8

Training for student

137

22.8

Service Provided

600

Total
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Research Question II Results
Question II explored the relationships between change in student ability,
change in rate of progress, types of AT devices used, and number of services
received from SPP-Pre to SPP-Post. The first two subquestions explored whether
or not there were significant changes in the variables pre to post-test, the
second two examined effects of different AT devices on change in ability and
change in rate of progress, and the final three subquestions looked at the
relationships between variables.

Change in Student Ability on Writing Goals
Respondents provided information to answer question II.A., "was there a
change in student ability", by identifying the students' current ability on writing
goals both before and after receipt and implementation of AT. This information
was based on a 100 point scale reflected in 10 point increments along this
continuum, with 0 being not able to 100 being fully able. Since each respondent
could write three goals for each of three need areas, there were potentially up to
9 goals written per student. Goals were numbered, but not written out, so
identifying which goal corresponded to which need area was problematic.
Because of this and the overlap between devices requested for different goals,
this researcher decided to analyze changes in ability on all goals pre to post test.
Changes in ability were first analyzed using a paired samples t-test for each goal.
Results of this analysis indicated significant improvement in ability (p< .001) on
goals 1.1, 1.2, 1.3, 2.1 2.2, and 3.1, and at p< .05 for goal 3.3. Goals 2.3 and
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3.2 were not significantly different at the p< .05 level following attainment and
implementation of AT. Table 5 illustrates the results of this analysis.
Table 5. Change in Student Ability on Writing Goals
Mean

SD

t

df

P

Pair 1

g l_ lp r e g l_ lp o

37.8
64.6

19.3
18.5

13.97

155

<.001

Pair 2

gl_2pre gl_2po

37.1
66.8

18.4
18.8

9.89

62

<.001

Pair 3

ql_3pre gl_3po

36.8
66.4

17.8
22.8

5.01

21

<.001

Pair 4

g2_lpre g2_lpo

36.6
65.1

21.9
21.0

8.34

69

<.001

Pair 5

g2_2pre g2_2po

34.9
64.6

17.6
24.4

7.03

38

<.001

Pair 6

g2_3pre g2_3po

41.7
45.0

20.4
25.9

.21

5

.840

Pair 7

g3_lpre g3_lpo

34.2
63.1

21.9
19.0

5.22

25

<.001

Pair 8

g3_2pre g3_2po

33.3
66.7

19.7
19.7

2.55

5

.051

Pair 9

g3_3pre g3_3po

33.3
67.8

22.4
36.4

2.98

8

<.05

Since the ability levels listed per goal were not prioritized or arranged in
any particular order, separating them per goal provided limited meaningful
information, however. All goals and pre and post ability levels were, therefore,
compiled for analysis as a single comparison. Any goal that included both a pre
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and post-test ability level was used in this analysis. All goals were not combined
for each person in the study, with only those files including a pre and post level
for all nine goals utilized, as this would have eliminated most of the subjects in
the study. Again, a significant improvement in ability level (p< .001) after the AT
was provided was noted in the compiled analysis (see Table 6).
Table 6. Change in Student Ability on Overall Writing Goals

Pair 1

g l_ lp re g i_ ip o

Mean

SD

t

df

P

36.78
64.84

19.51
20.20

21.404

396

<.001

The change in ability for each student was calculated as well by analyzing
complete pairs of pre and post-test ability levels per student. Change in ability
was determined per goal for each subject (Table 5), then averaged for an overall
change in ability per student (Table 6). Some students made extreme
improvements in ability, while some decreased in ability. Average change in
ability ranged from -30 to 100, with a mean of 27.24, SD of 23.06 and a
variance of 532. Table 7 provides ranges within this variability, frequencies, and
percentages.
Table 7. Variance Ranges, Frequencies and Percentages for Change in Ability
Range

Frequency

%

<0

25

15.9

.01 - 10

19

12.1

99

Table 7 cont.
Range

Frequency

%

10.01 - 25

32

20.4

2 5 .0 1 -5 0

60

38.2

50.01 - 100

21

13.4

157

100

Total

8

Missing System

Change in Rate o f Progress
Change in rate of progress was analyzed to answer question II.B. using a
paired samples t test. Pre and post-test rates of progress were identified using a
scale of 1 (none) to 5 (very fast). A 0 value was used to indicate missing data,
but was converted to missing data to not skew the results. Those subjects who
submitted data for all pre and post test rate of progress for all three goals were
included in this analysis. Total scores range from 3-15 since the three goals were
combined. Results indicated that there was a significant increase in rate of
progress (p< .001) from SPP-Pre to SPP-Post. These results are illustrated in
Table 8.
Table 8. Change in Rate of Progress on Goals Pre to Post-Test

Rate progress pre
Rate progress post

Mean

SD

t

df

P

6.96
8.95

1.38
1.45

13.07

135

<.001

100

Change in Ability and Change in Rate o f Progress by A T Device
Questions II.C. and II.D. addressed the change in student ability and
change in rate of progress compared to AT devices used respectively. Analyses
were completed using One-Way ANOVA; no significant differences were noted in
either change in ability (p= .547) or change in rate of progress (p= .140) based
on the AT devices used.

Relationships Between Change in Ability, Number o f A T Services, and Change in
Rate o f Progress
Relationships between change in ability, change in rate of progress, and
number of AT services used (questions II.E., F., & G.) were analyzed using the
Pearson correlation coefficient. Results indicated significant positive relationships
between change in student ability and number of AT services used (p< .01),
change iri student ability and change in rate of progress (p< .001), and number
of AT services used and change in rate of progress (p = .01) (See Table 9.)
Table 9. Relationships Between Change in Ability, Change in Rate of Progress
and # of AT Services Received
N

r

P

Change Ability - Number AT
Services

157

.208

< .01

Change in Ability - Change Rate
of Progress

157

.512

< .001

Number AT Services - Change
Rate of Progress

157

.200

< .01

Variables
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Research Question III Results
The final research question was posed to explore the differences in
contribution of various interventions before and after provision of the AT funded
through the ATIP. The interventions explored included natural development,
compensation for impairment, adaptations of specific curricular tasks, redesign of
instructional environment, performance expectation changed, participation in
general education instruction, related and support services, personal assistance,
AT devices used, and AT services provided. Natural development was defined as
the students' ability to use strategies without suggestions or assistance from
others. Compensation for impairment was how the student used other
techniques to complete tasks, such as using the other hand if one was impaired.
Adaptations of specific curricular tasks were the adaptations made to tasks such
as worksheets and alternate means of test taking. Redesign of instructional
environment was how the teacher approached the class, such as teaching using
a new approach or using an alternate way to present to the class. Performance
expectations changed included decreased expectations to enable success such as
less content or fewer words to learn or present. Participation in general
education instruction was having the student participate in general education
without additional supports. Related and support services included support from
OT, PT, SLP, Title I, or tutoring. Personal assistance included an instructional
aide, teacher, helper, interpreter, or other students. Assistive technology devices
was to include the AT devices used by the student prior to attainment of the new
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devices funded through the ATIP. AT services were the services (set up, training)
that were obtained prior to implementation of devices provided through ATIP
funding.
Each intervention was rated on a scale of 0 (no contribution) to 100
(substantial contribution) for each goal on both the SPP-Pre and the SPP-Post.
Since each respondent could describe the contributions of interventions for each
of the three goal areas, each intervention had up to three sets of pre and post
test data. To compensate for missing data, only those files including pre and
post-test data for all three of these goal sets were included for analysis. Changes
in these contributions of interventions between the SPP-Pre and SPP-Post
(question III.A.) were analyzed using paired samples t-tests to determine
amount of and significance of change.
Results indicated that there were significant changes (p< .05) between
the SPP-Pre and SPP-Post for almost all of the interventions (See Table 8.).
Natural development (ND), compensation for impairment (Comp), adaptations of
specific curricular tasks (Ad), redesign of instructional environment (Rd),
participation in general education instruction (GE), related and support services
(RS), personal assistance (PA), AT devices used (Dev), and AT services provided
(Serv) all contributed significantly more on the SPP-Post than on the SPP-Pre.
Pair 5, performance expectations (Exp) did not show a significant change.
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Table 10. Change in Contributions of Various Interventions

Mean

SD

t

df

P

Pair 1

Pre ND
Post ND

12.3
15.4

5.5
4.8

6.14

134

<.001

Pair 2

Pre Comp
Post Comp

10.6
12.7

6.7
7.4

3.58

132

<.001

Pair 3

Pre Ad
Post Ad

15.6

5.9
5.5

2.51

134

<.05

Pair 4

Pre Rd
Post Rd

13.0
15.3

6.1
6.1

3.93

134

<.001

Pair 5

Pre Exp
Post Exp

13.8
13.9

6.7
7.2

.26

129

.80

Pair 6

PreGE
Post GE

15.1
18.3

7.0
5.5

5.43

130

<.001

Pair 7

Pre RS
Post RS

8.9
10.8

8.5
8.7

3.02

130

<.01

Pair 8

Pre PA
Post PA

11.2
13.3

7.5
7.4

3.16

129

<.01

Pair 9

Pre Dev
Post Dev

8.9
16.9

6.2
7.5

11.13

129

<.001

Pair 10

Pre Serv
Post Serv

7.7
14.8

6.7
7.5

10.74

132

<.001

16.9

Further analyses of contributions of interventions were completed to
determine if there were any significant differences in how much any of the
interventions contributed following implementation of AT devices funded through
the ATIP (question III.B.). A repeated measures ANOVA was calculated with a
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resulting Wilkes Lambda significance at p< .001. To determine between which of
the 10 interventions this significance occurred, Tukey's Honestly Significant
Difference was calculated (hsd = 2.46.) In ranking means and looking at
differences, there was significantly more difference between means of AT
devices and AT services than the other eight interventions (See. Table 11.) N
was equal to 109 for all interventions due to missing data.
Table 11. Mean Change Between Post and Pre-Test Measures of Contributions in
Interventions and Difference in Consecutively Ranked Interventions
Mean

SD

Difference in Consecutive
Interventions

Change Dev

7.68

8.21

0

Change Serv

6.62

7.54

1.06

Change GE

3.47

7.08

3.15

Change ND

3.02

5.76

.45

Change RS

2.14

7.24

.88

Change Rd

2.04

6.66

.10

Change Comp

1.90

6.62

.14

Change PA

1.75

7.38

.25

Change Ad

1.48

5.94

.27

.12

7.43

1.36

Intervention

Change Exp
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Summary
This chapter described results of research questions investigated in this
quantitative study. Analyses were completed on files for 165 students who
received AT through the ATIP. More males than females were included in this
analysis, and the majority of students were in the fourth, fifth or eighth grades.
The most commonly requested AT devices were word prediction software,
followed by laptop computers, portable word processors, proofreading and
editing software, speech synthesis/screen review software, and hand held spell
check/grammar check devices. The most common group of devices was word
processors with software used for writing. The most common AT service
provided was training for the student, followed by training for educational
personnel, device programming or setup, and classroom implementation support.
Significant improvements were noted in student ability and rate of
progress following implementation of the AT. Significant differences were not
found in change of ability or rate of progress based on which group of AT
devices was used. Significant positive relationships were noted between change
in student ability and number of AT services provided, number of AT services
provided and change in rate of progress, and change in ability and change in
rate of progress. There were also significant increases in contributions of
interventions between pre and post test for natural development, compensation
for impairment, adaptations of specific curricular tasks, redesign of instructional
environment, participation in general education instruction, related and support
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services, personal assistance, AT devices used, and AT seivices provided. There
was a significantly greater increase in contribution from AT devices and services
than the other eight interventions explored.
Discussion of these results and implications are provided in chapter five.
Chapter five will also include limitations of the study, suggestions for further
research and conclusions.
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CHAPTER 5
DISCUSSION
The purpose of this study was to analyze data collected as part of a 9.4
million dollar grant that provided assistive technology (AT) to students who
needed it in the state of Ohio. This research study explored three primary
questions related to (AT) provided to students with learning disabilities and a
need in the academic area of writing who received AT through the Assistive
Technology Infusion Project (ATIP). This chapter includes discussion of the data
analyses and implication of results of these three questions, as well as limitations
of the study, suggestions for further research and conclusions.

Discussion o f Research Question I
Question I explored demographics of students in this study. Numbers of
students with LD and a need in writing and percentages of the total were
described. Distribution by gender and grade were also discussed. Two
taxonomies for classifying AT devices and frequencies within these were
presented as well. How these relate to previous research and implications are
described in this section.
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Demographics
The first question in this study explored demographics of students with LD
who received AT for needs in writing. Approximately 13.8% of all funded
applications (477 out of 3,479) were awarded to students with LD. This
compares to 46% of students nation wide and 40% of students in Ohio who
have LD as a primary disability area out of all students identified as having a
disability the Public Schools (IDEA Data, 2006). The discrepancy between the
number of students with LD in this study and national statistics is likely due to
many of those students who have LD not needing AT that costs more than $100,
as required to apply for funding through the ATIP. Many students with LD
receive interventions such as direct instruction, strategy instruction or
cooperative learning strategies that do not include AT (Swanson, Harris, &
Graham, 2003.)
In this study, approximately 81 percent of the students included in the
final analyses were male, while 19 percent were female. This is consistent with
national information that suggests that learning disabilities occur more frequently
in boys (Thompson, Caruso, & Ellerbeck, 2003).

A T Devices
In order to analyze data related to the types of devices requested through
the ATIP, a taxonomy was needed to classify the types of devices. Two
taxonomies were created for the purposes of these analyses. The first was to
provide the reader with information about the main types of devices used with
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students with LD. This is important information, especially when related to
progress made, as it shows evidence for use of various devices within the
educational environment. Others can use this data when considering AT devices
to use with other students with LD. This taxonomy included 28 categories with
primary headings of "Hardware," "Software", and "Other". The top six requests
for AT for students with LD and a need in writing using this taxonomy were word
prediction software programs, laptop computers, portable word processors,
proofreading and editing software, speech synthesis/screen review software, and
hand held spell check/grammar check devices, respectively.
In order to analyze the data to answer other questions in this study,
however, the 28 category taxonomy was not appropriate. A second taxonomy
was developed for further analysis and included six combined categories
including: 1) word processor &/or peripherals; 2) software; 3) external devices;
4) word processor and software; 5) word processor, software, and peripheral;
and 6) word processor, peripheral, external device, software, or any combination
of these not listed above.
The selection of devices described in the two taxonomies indicated that
most students with LD needed assistance in the physical task of writing, listening
to what has been written, rearranging text and editing during writing, proper
spelling, or correct word organization; the tasks described are those addressed
by the devices requested (Raskind, 2000). These areas of concern for students
with LD and a need in writing is consistent with literature that describes
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mechanics (handwriting, spelling, and grammar), organization, and idea
generation and development as primary issues for students with dysgraphia
(Berninger & Amtmann, 2003; National Center for Learning Disabilities, n.d.;
Raskind &. Higgins, 1998; Zhang & Brooks, 1995).
In the first taxonomy, the most frequently requested device was word
prediction (WPre) software. Authors investigating use of WPre found mixed
results as to the effectiveness of this type of software (Anson, 1993; MacArthur,
1998; MacArthur, 1999). MacArthur, 1998 found that legibility and spelling
improved when WPre with a dictionary of 300 words tailored to the students'
needs was included. MacArthur's 1999 study used a larger dictionary (10,000);
little difference was noted using word prediction. These studies would support
the use of WPre when the dictionary is appropriate to student's ability level and
developed for the subject matter. Anson found improvements in students' typing
speed using word prediction when they were less familiar with the keyboard (on
screen keyboard) and used WPre only when necessary compared to students
using a familiar keyboard either using WPre as much as possible or only when
needed. These investigations included few subjects however, and did not all
include subjects who had LD or needs in writing. These studies noted concerns in
WPre programs as well. The first concern was that WPre programs are
sometimes confusing and difficult to use. They also require the writer to divert
his/her eyes from the screen, which causes a loss of place when copying text.
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Had portable word processors and laptop and desktop computers been
combined as one device category in the first taxonomy, that would have been
the most common device requested (104 requests). Many studies have shown
the effectiveness in use of word processors in improving writing quality (BangertDrowns, 1993; Collins, 1990), spelling (Van Daal & Van der Leij, 1992; Vaughn,
Schumm, & Gordon, 1993), and writing speed (Lewis, Graves, Ashton, & Kieley,
1998). The significant number of requests for word processors reflects the
evidence in support of using word processors for students with LD and a need in
writing. Since word processors with standard writing software such as Word or
Word Perfect include features such as spell check, grammar check, and speech
synthesis,, and allow adding, deleting or moving text, it is difficult to state for
certain which features were used by the students in this study.
Proofreading and editing software, along with speech synthesis/screen
review software were requested often in this study. Researchers have supported
use of these types of software in assisting students in finding and correcting
errors (Raskind and Higgins, 1998) and improving the quality of writing (Zhang
and Brooks, 1995). Since ability to read affects ability to write and vise versa,
Montali and Lewandowski's (1996) study supporting the use of speech synthesis
for improving reading comprehension, also supports use of these software
programs.
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Portable spell checkers were also requested frequently in this study. These
are also viable products if the user has an idea of at least the first letter of the
word attempted (MacArthur, Graham, Haynes, and DeLaPaz, 1996).
Several studies in the literature support the effectiveness of voice
recognition software (VRS) for students with LD (Graham, 1999; Higgins &
Raskind, 2000; Higgins & Raskind, 1998; Roberts & Stodden, 2005). This is a
device that was A t f requested frequently in the ATIP study. Reasons for this
could be the difficulties encountered when trying to use less expensive VRS
products of poor quality, the time required to train the software to the user's
voice, the difficulty in using this software in a classroom setting given
background noise, or the high cost of VRS in the past. VRS programs in the past
were very' expensive options due to the high quality of computer necessary and
the former prices of the VRS itself (combination costing in excess of $2,500.00
only 10 years ago). Currently, quality VRS programs (Dragon Naturally Speaking,
8.0 Preferred, Via Voice Pro 10) can be purchased for less than $200.00
http://shoppinq.msn.com/results/shp, 3/11/06).
The most commonly requested group of AT devices in the second
taxonomy was word processors with software. Considering that all software
needs to be used in combination with a computer, it is understandable that these
would be highly recommended. As described above, research supports use of
software in combination with word processors (Graham, 1999; Higgins &
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Raskind, 1998; Higgins & Raskind, 2000; Montali and Lewandowski, 1996;
Raskind and Higgins, 1998; Roberts & Stodden, 2005; Zhang and Brooks, 1995;)

A T Services
Any service that was provided to each student, up to nine possible
options, could be selected on the data collection tools. Frequencies of various AT
services were tallied to determine which services were used most often with
students with LD in the ATIP. A total of 600 services were provided to the 165
students whose data was analyzed in this study. The most common service
utilized was training for the student, followed by training for the educational
personnel, device programming or setup, and classroom implementation support.
Each of these services was requested in excess of 100 times. The other possible
services (collaborative training time, further evaluation, repair, training for
parents, and other) each had fewer than 50 responses. It is understandable that
the student and educational personnel would need to be trained in how to use
the various devices. It was also encouraging that devices were programmed and
setup for student use and implementation of the devices in the classroom was
supported. The use of the services identified1in this study reinforced
recommendations by others who identified needed services in the areas of
student and teacher training on device use and setup, as well as implementation
and follow-up (Bryant & Bryant, 1998; Edyburn, 2000; Forgrave, 2002). Since
the devices were provided for use primarily in the educational environment, it is
understandable, although disappointing, that more training for parents was not
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included in the services provided. Further analyses in this study related to AT
services received were conducted based on the number of services received per
student rather than the types of services due to the overwhelming number of
possible combinations of services that could have been provided.

Discussion o f Research Question II
The second primary question explored the relationships between several
variables measured in this study. These included changes in student ability and
rate of progress, differences in student ability and rate of progress depending on
AT devices used, and relationships between change in ability, number of services
received, and change in rate of progress.

Change in Student Ability and Change in Rate o f Progress
Significant improvements were noted in student ability and rate of
progress in this study following attainment and implementation of the AT devices
and services. Significant improvements were noted on seven of nine goals of
student ability when individual goals were analyzed. When analyzed as one
group of goals pre to post-test, a significant improvement in student ability was
again found. Student rate of progress on goals was analyzed as one group, but
included a combined rate of progress for three goals for each student. Results
showed a significant increase in rate of progress following implementation of the
AT devices funded through ATIP.
These results provided evidence that implementation of AT devices and
services for students with LD and a need in writing was extremely effective and
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beneficial for students in this study. This supported other research that found
improvements in student ability upon utilization of AT such as word processors
(Bangert-Drowns, 1993; Collins, 1990; Van Daal & Van der Leif, 1992; Vaughn,
Schumm, & Gordon, 1993), speech synthesis/screen review programs (Raskind &
Higgins, 1998; Zhang 8i Brooks, 1995), speech recognition software (Graham,
1999; Higgins & Raskind, 2000; Raskind & Higgins, 1998; Roberts & Stodden,
2005), and word prediction (Anson, 1993; MacArthur, 1998).

Change in Ability and Change in Rate o f Progress by A T Device
The second taxonomy of AT devices described in chapter four was used to
analyze change in ability and change in rate of progress by AT device. No
significant differences were noted based on the comparisons using this
taxonomy. Many possible explanations could be presented for this. First and
most obvious, there were no differences in the factors of ability or rate of
progress based on AT device use. However, when looking more closely at the
variables studied, the lack of difference could be due to the method of
categorizing devices or to the variance in change in ability as well.
The first taxonomy in this study resulted in 28 different categories. As
mentioned earlier, since each subject could have requested up to 12 different
devices, the possible combinations would have been endless, many with very low
frequency. Any analysis of this data would have proven inconsequential. Instead,
the devices were combined into a taxonomy of six combinations of devices and
software for further analyses. This appeared to be an adequate grouping as it
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separated word processors, software, and external devices used alone, but also
allowed for combinations of these three primary groups. Even with this
categorization method, however, there was still much overlap in the types of
devices used and it was difficult to determine into exactly which category each
group of devices should be placed. For example, since software must always be
used with some type of word processor, it may have been beneficial to combine
the categories further. See recommendations for further research in this chapter
for more discussion on this topic. The lack of noticeable differences in these
questions may have been due to the choice of taxonomy used.
Another confounding issue in analyzing the question of change in ability
per AT device used was the variation in change in ability. When all complete
pairs of pre and post-test changes were combined to analyze change in ability
per subject, the average amount of change ranged from -30 to 100, with a
mean of 27.24, SD of 23.06 and a variance of 532. This extreme variance in
change may have been the factor that made results of statistical analysis of
changes in ability per AT device used negligible.

Relationships Between Change in Ability, Change in Rate o f Progress and
Number o f A T Services Used
Significant positive relationships were found between 1) change in student
ability and number of AT services provided, 2) change in ability and change in
rate of progress, and 3) number of AT services provided and change in rate of
progress. As more services were provided, more improvement in student abilities
was noted and an increased rate of progress on goals was also noted. Change in
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student ability also increased in a significant direct proportion to change in rate
of progress.
Since there was a significant positive relationship between number of
services and change in ability and rate of progress, evidence was provided to
support the use of several services, especially training for the student, training of
the teacher, programming and set up of the device, and support in classroom
implementation as these were the most common services provided. When more
services were provided, students improved more and faster in their abilities.
It is understandable that significant relationships would be noted between
all of these variables. If students are using AT, improvements should be seen in
ability, as noted in research cited in the section above on change in ability.
Research supporting the use of AT services in overall AT service delivery was
also cited in the section on AT services above. Little research has documented
the use of AT devices and services in improving rate of progress, but the current
study does support that as well. These relationships support criterion-related
validity of the ATIP instruments in that as any of the variables increased, a
positive significant relationship was also noted in the other variables. The scores
on each construct significantly correlated with the other conceptually related
constructs. These results also support convergent validity, one aspect of
construct validity, as scores recording similar items demonstrated strong positive
relationships.

118

Discussion o f Research Question III
The final question explored changes in contributions of various external
interventions before and after implementation of AT devices funded through
ATIP. The interventions explored included student strategies of natural
development and compensation for impairment; teacher strategies of
adaptations of specific curricular tasks, redesign of instructional environment,
performance expectation changed, and participation in general education
instruction; special services interventions of related and support services and
personal assistance; and AT interventions of AT devices used and AT services
provided. Simple Paired Samples T-Tests were conducted first to compare
changes before and after implementation of the devices. Significantly more
contribution was reported following implementation of the AT for all factors
except in performance expectations changed.
These results indicated that implementation of the AT supported student
strategies, teacher strategies, and special service and AT interventions. Students
were more able to benefit from natural development or their abilities to use
strategies without suggestions or assistance from others. The AT devices with
services provided may have allowed the students independence in developing
strategies on their own. Students were also better able to compensate for their
impairment by using other techniques to complete tasks.
The AT also significantly influenced contributions of teacher strategy
interventions. Following implementation of the AT, more contribution was made
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to student progress through teacher adaptations of specific curricular tasks such
as changes made to worksheets or test taking procedures. Students benefited
more from the teacher's approach to the class noted through redesign of the
environment. Students were also more successful when they participated in
general education instruction following implementation of the AT. One area of
teacher strategy that did not change significantly was the contribution of
changing performance expectations, such as in lowering expectations to obtain
success. Minimal change was noted in this area; provision of AT had little impact
on how much a teacher needed to change expectations of the student to ensure
success.
Contributions of related and support services such as OT, PT, SLP, Title I
or tutoring and personal assistance services such as instructional aide teacher,
helper, or another student were also significantly more influential following
provision of AT. Students were better able to take advantage of these services
when the new AT was implemented. Finally, contributions of AT devices and
services provided prior to ATIP funding were also more substantial following
implementation of the new AT devices and services.
In the final analysis of this study, all of the parallel contributions of
interventions were explored to determine if there were significant differences in
how much the contributions of any of the interventions changed following
implementation of the newly funded AT. Using a repeated measures ANOVA and
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Tukey's Honestly Significant Differences, it was found that contribution of AT
devices and AT services changed much more than any of the other interventions.
This result could mean one of two things. First, students were much more
able to get benefit from the former AT devices and services when the new
devices were provided. Another possible explanation of this was that the
respondents completing the SPP-Pre and SPP-Post misunderstood the question
and reported changes based on the new AT, rather than on the AT the student
had prior to implementation. However, an assumption of this study was that all
documentation and recording of status on ATIP instruments were completed
accurately, so it can be assumed that the first explanation is the correct one.
Implications
The results of this study provide implications on various levels. The results
are important for providers of assistive technology in the schools because they
show efficacy for using AT with students with LD and a need in writing and
demonstrate efficacy for providing AT services when AT devices are provided.
Implications for OT practitioners, the developers of the instrumentation used in
the ATIP, and other researchers interested in this data are also discussed.
The Individuals with Disabilities Education Act (IDEA) and No Child Left
Behind legislation mandate that interventions utilized in the educational setting
be proven effective. This study provides evidence for the efficacy of AT device
use in the educational setting for students with LD and a need in writing. Since
improvements in student ability and rate of progress increased significantly when

121

AT was provided through ATIP, and the most common devices requested were
word processors, word prediction software, proofreading and editing software,
speech synthesis/screen review software, and spell check/grammar check
devices, it can be concluded that these are effective devices to use for students
in this disability and need category.
Four services were requested most frequently in this study, implying that
these were the most important services to provide to students who use AT.
Students and educational personnel need to be trained on use of the devices
purchased. It is also very important that the device be programmed or set up for
use, most appropriately by a service provider. Finally, in order for the device to
be used effectively in the educational setting, support for implementing use of
the device in the classroom is also needed. Conceptual models such as those
described in chapter two (HAAT, SETT, Matching Person and Technology, Career,
Social Cognition, Perceived Attributes) could be used to direct the format of
evaluation or implementation of AT services.
Special education is an expensive undertaking, and costs continue to rise.
The cost of special education in the 1995-96 school year was $32.6 billion
compared to $19.3 billion eight years previous (Chambers, Parrish, Lieberman, &
Wolman, 1998). Considering these costs of special education, which include AT
provided to students with disabilities, it is worth the money to make sure that
appropriate services are provided to students along with provision of devices, so
maximum benefits may be derived.
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Occupational therapists (OTs) are instrumental in providing AT services in
the school setting. Students with LD and needs in writing often demonstrate
limitations in occupational performance in this area of education due to
decreased coordination, strength, motor planning, organization, and/or visual
motor processing. OTs are encouraged to make sure that interventions used are
proven effective and incorporate evidence based practice. Since implementation
of AT devices and services are common adaptations provided by OTs, this study
provides evidence for execution of technology related intervention in the schools.
The instruments used to collect data for the ATIP and this study were
developed through the Assistive Technology Outcome Measures (ATOMS) project
through the University of Wisconsin, Milwaukee, Rehabilitation Research Design
& Disability (R2 D2 ) Center. Criterion related and convergent validity were
demonstrated in this study, which provides support for using these instruments
in other studies and outcome measures. However, it is recommended that some
revisions be made to the data collection instruments for ease in analysis of the
data. One recommendation would be to include predetermined options of AT
devices requested. This could be listed in another field in the data analysis tool in
addition to the open-ended response of AT device requested.
The taxonomy developed for this study was helpful in determining the
numbers of each device requested. However, because each device was
requested by the name and spelling of how the respondent knew of it, many
different words were used to request the same or similar device. Each device had
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to be recoded to fit within the taxonomy selected. The first taxonomy could be
used as a guide in the process of developing taxonomies for devices used by
people with other disabilities or need areas by dividing devices in general
categories of hardware, software, and other. The second taxonomy could also be
used, but it could be more helpful if revised into four categories, including word
processors and external devices used without other devices, software with word
processors and peripherals, or external devices with other combinations of
software, word processors, or peripherals. It would make sense to combine
software with word processors because software must always be used with the
hardware. Even if word processors weren't requested, they must have been
available for the students to use the software.
Finally, this study provides a model for exploration of other variables
collected through the ATIP. Procedures used throughout the data analyses were
described, so could be replicated by others interested in completing similar
studies on students with different disabilities or need areas.
Limitations of the Study
Most limitations in this study were related to the data and variables
collected for the ATIP. Some were related to the information received by this
researcher, and others were related to the taxonomy used to classify AT devices.
The original number of applicants in the ATIP was 4,979, but the sample
in this study was only 165. Some of this was due to only analyzing data on
students with LD and a need in writing, but many of the files were eliminated
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due to incomplete data. Had more of the respondents provided all of the post
test information, the sample in this study could have been much larger, and
results may have been different based on a larger number for some questions.
Although the instruments of the SPP-Pre and SPP-Post included
identification of the actual goals for each student, the data set received by this
researcher did not include this information. Since the goals were written on the
Student Performance Profiles in narrative format, however, this may have
provided an unmanageable size and format to evaluate and categorize the goals
anyway.
Change in ability and change in rate of progress were identified in the
data set per goal number, but not the goal itself. Aligning those variables to
writing goals only was problematic; so all goals were included in the analyses.
Had there been a more manageable means of separating goals per goal area,
the analyses may have been more focused and related specifically to goals in
writing rather than all goals.
Respondents in the study were able to request up to twelve items per
student and listed these in an open-ended format. Standard directions on how to
list the items were not given, so devices were requested in many different ways.
Many identical or similar items were written in the way the respondent knew of
them, so were spelled in many different ways. Some respondents included
incidentals such as batteries, USB cables, carrying cases, microphones and
headphones, while others did not include this information. It was necessary to
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have this information so awards could be given based on costs of the devices,
but the extraneous items made data analysis complicated. Additional directions
on completing this section of the Student Performance Profile, or an additional
field with preset possible categories of devices would have been helpful.
When attempting to categorize AT devices into a classification system
appropriate for this study, this researcher decided on two primary taxonomies.
The first included 28 categories while the second was a compilation of six groups
of device categories. Although these served the purposes of the study, devices
tend to be multimodal, so determining exactly which category was most
appropriate for each device continued to be difficult. A universal taxonomy of
devices would be helpful for further analysis of this data, as well as other studies
evaluating AT outcomes.
Due to the overlapping categories in the taxonomy chosen for data
analysis in determining change in ability or change in rate of progress by AT
device, little difference was noted. A different or predetermined taxonomy may
have altered the insignificant results of these questions.
Suggestions for Further Research
The data set provided for analyses in this study contains a wealth of
information. Numerous additional studies could be conducted using the same
data set. Several suggestions for research using these data are provided.
Additional suggestions are also given for needed information in the AT outcomes
field.
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Additional research could be completed using the same 165 subjects with
LD as a disability and a need in the area of writing. In the first taxonomy used in
this study, the most frequently requested device was word prediction software.
This researcher found limited studies exploring the effectiveness of word
prediction for students with LD. Analyses could be completed using this data set
to explore change in ability, change in rate of progress, and change in
expectations, based on whether or not the student received word prediction
software. This would provide additional information about the efficacy of word
prediction for students with LD and a need iri writing.
Again using the same data set, changes in abilities, rate of progress,
expectations, contributions of interventions, and expectations could be explored
per grade level. This could help provide evidence for or against the importance of
early intervention including AT for students with LD and needs in writing.
Many of the questions in this study could be re-analyzed using an
alternate taxonomy of AT devices. One specific suggestion is to combine the
second taxonomy provided in this study into different groups of AT devices. It
would be interesting to see if changes were noted on assorted variables
depending on AT devices used if four categories were used including word
processors and external devices alone, software with word processors and
peripherals, and a combination of external devices with other devices such as
software and word processors.
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Another suggestion is to analyze data based on type of service rather than
number of services provided. In order to complete analysis such as that
however, an alternate grouping of services would need to be made to decrease
the number of possible combinations of services provided.
Using the entire data set provided to this researcher, analyses could be
made on any number of combinations of primary disability and need areas. This
study could be used as a template for exploring the impact of AT devices and
services for students who are blind or visually impaired, deaf or hearing
impaired, deaf/blind, mentally impaired, orthopedically impaired, other health
impaired, speech and language impaired, or have multiple disabilities, autism,
emotional disorders, or traumatic brain injury. Studies could also explore the
impact of AT for persons with needs in academic content (reading, writing, math,
science, or other course areas); accessing and manipulating instructional
materials/tools (computers, small objects, large objects, printed documents, or
postural control); work habits/study habits (organization, efficiency, note taking,
following directions, management of unproductive behaviors); communication
(speaking or listening); mobility (in the classroom, around the school, or in the
community); personal care (eating or toileting), or other.
Additional data could be collected regarding the subjects in this study to
determine long term effects of the AT provided. By developing another Student
Performance Profile Post to be completed approximately 2 years or more after
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implementation of AT, longitudinal data could be collected to provide evidence
for long term effects of AT.
Outside of this data set, it is recommended that similar studies be
undertaken to determine effectiveness of AT on inclusion and success of persons
with disabilities in the work force. More studies related to effects of word
prediction programs are also needed. Work on developing a universal taxonomy
for classifying AT devices is needed, as well. It would also be interesting to see
more research on parallel interventions in AT outcome studies.
In general, exploration of outcome measures for AT continue to be
needed. Many studies related to AT outcomes include a relatively low number of
subjects. Additional studies providing Level IV and V evidence are needed to
demonstrate efficacy of AT in educational and work settings. Since large,
randomly controlled experimental trials are often difficult or unethical for people
with disabilities, meta-analyses of existing or new studies should be completed.
Conclusions
Six general conclusions were reached in this study related to the impact of
AT for students with LD and a need in writing. These are:
1) Assistive technology is an efficacious intervention to be used by
educators and OTs in the school setting to improve abilities and rate of
progress of students with LD and a need in the academic area of
writing.
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2) Word processors and word processors in combination with writing
software are particularly helpful in improving abilities of students with
LD and a need in the academic area of writing.
3) Word prediction software is a common AT device requested for
students with LD and a need in the academic area of writing, however,
additional research demonstrating the efficacy of this software is
needed.
4) AT services should be used in combination with AT devices to most
significantly impact progress of students.
5) AT device implementation increased the contribution of 9 out of 10
parallel interventions, with AT devices and services the intervention
noting the most significant improvement in contribution.
6) The Student Performance Profile Pre (SPP-Pre) and Student
Performance Profile Post (SPP-Post) are valid tools to measure student
progress related to AT.
Summary
This study explored the impact of AT devices and services for students
with LD and a need in writing investigated as part of $9.4 million grant given to
the state of Ohio to provide AT to students who needed it. Included in this paper
were five chapters: 1) introduction of the problem, research questions, and
significance of the study; 2) literature review; 3) methodology used in the study
including design, sample, instrumentation, procedures and data analyses; 4)
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results of the research questions; and 5) discussion of the results, implications,
limitations, suggestions for further research, and conclusion.
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